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NOTICE. 



While the mapping of the district was in progress, 
the geology of which forms the subject of this Memoir, 
I had several opportunities of verifying the accuracy 
and skill with which Mr. Judd. traced the geological 
boundary lines, and the truly scientific manner in which 
he formed those deductions, the result of which has been 
expressed in a new classification of some of the forma- 
tions comprised in the area. I may add that the 
circumstances wlxich led to the resignation by Mr. Judd 
of his post on the Greological Survey have always been 
matter of deep regi*et to me, for it is not often that 
men are to be found who possess that rare combination 
of knowledge on so many special branches of geological 
inquiry which characterises the author of this memoir. 
I also feel that we are deeply indebted to Mr. Judd for 
having so frankly consented, after he had left the Survey, 
to make his work complete by the gratuitous prepara- 
tion of a memoir which he was in nowise bound to 
write. That this important work has been thoroughly 
well done all geologists will allow. No one but the 
man who mapped the ground, who examined the fossils 
in aitUf and determined so many of the species, could 
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have done anything like equal justice to the subject, 
and the generous devotion which Mr. Judd has shown 
in giving so much valuable time to our work, after he 
ceased to be a member of the Survey, deserves the most 
grateful acknowledgment. 

Andrew C. Ramsay, 

Director-General, 
13th March 1875. 



To THE DlB£CTO£ GENERAL OF THE GEOLOGICAL 
StJEVEY OF THE UNITED KINGDOM. 



Geological Survey Office^ 
28, Jermyn Streety London^ S.W., 
20th February 1876. 

Sm, 

The country comprised in Sheet 64, which takes 
in the whole of the county of Rutland, was surveyed 
by Mr. J. W. Judd, between the years 1867 and 1871. 

This Map is of special interest as being the first 
published by the Survey upon which the limestone, that 
was formerly considered to be apart of the Great Oolite, 
has been referred to its true position in the geological 
scale as a member of the Inferior Oolite, to which the 
distinctiye name of Liacobishire Oolite was assigned by 
Mr. Judd, from its great development in that county. 

When Mr. Judd left the Survey, on the completion of 
his fieldwork connected with the above area, he disin- 
terestedly consented to write the Memoir in explanation 
of the Map; and the present important work is the 
result of his labours. 

In it, besides giving a detailed description of the 
geological structure of the district, Mr. Judd has dis- 
cussed at length the more general and purely scientific 
questions connected with the subject, and has explained 
the grounds upon which the conclusions were founded 
that led him to propose an entirely new and altogether 
original nomenclature and classification for the Oolitic 
rocks of the midland district of England, which have 
been since accepted by the Geologists of this and other 
countries* 
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Mr. Judd has been aided by Mr. Btheridge in the 
preparations of the tables shewing the geographical 
and stratigraphical distribution of the fossils and in 
the palseontological portion generally. Several views of 
oolitic scenery have been contributed by Mr. Rutley 
from sketches made on the ground. 

Mr. Whitaker has also assisted in the bibliographical 
portion ; and Mr. HoUoway has rendered valuable help 
in constructing and drawing illustrative geological 
sections, as well as generally in passing the work through 
the press. 

I have the honour to be, 

Su-, 
Your obedient servant, 

Henry W. Beistow, 
Director for England and Wales. 

To Andrew C. Ramsay, Esq., LL.D., F.R.S., 
&c. &c. &c. 



PREFACE. 



In obedience to a very general demand for the more rapid 
completion of the maps illustrating the coal-producing districts 
of the country, the offieers of the Geological Survey of Great 
Britain, who were employed in tracing northwards the boundaries 
of the Jurassic Strata, were nearly twenty years ago transferred 
to the northern counties.- 

Thus the mapping of the Lias and Oolites remained during a 
considerable interval in abeyance. This period was, however, 
marked by many important advances made by geologists in their 
knowledge of the rocks in question, and by the introduction of 
new principles and methods of classification. The views gradually 
elaborated by Quenstedt, Fraas, Marcou, Oppel, and others on 
the continent, were applied by Dr. Wright and other geologists 
to the rocks of this country, and the necessity for modifications 
of the classification, adopted in some of the former publications 
of the Survey, were thereby rendered manifest. In particular, we 
may mention the conviction arrived at by many geologists, that 
certain rocks supposed to be of Great Oolite age, ought in fact to 
be classed with the Infmior Oolite. 

Having been engaged during six or seven years in preparing 
a geological map and description of that interesting county— so little 
known to geolo^ts — Lincolnshire, I had been gradually led 
to the adoption of the views referred to above; and in 1867, 
when it was determined to resume the mapping of the Jurassic 
rocks, I was requested to join for a time the staff of the Geological 
Survey, and to devote my attention to the country intermediate 
between Lincolnshire and the districts already mapped. It soon 
became clear to me that not only would the doubtful beds have 
to be classed with the Inferior Oolite, but, that, in consequence of 
the very local character of many of the formations hi the district, 
a new classification and nomenclature was rendered absolutely 
necessary in order to adequately represent them. 



Vlll 



During s^eral years I was employed in working out the detidls 
of this question and in mapping the most critical portion of the 
district; and in 1870^ after the results which I had arrived at had 
been examined and approved by the responsible officers of the 
Survey, the new classification was published in the Index^ and 
a little later^ in sheet 64 of the Survey map. I then examined 
the country to the southwards, revising the maps already published 
and preparing new editions of them. 

This task completed, my connexion with the Survey ceased, 
and my attention was directed to entirely new fields of geolo- 
gical inquiry. On its being pointed out -to me, however, that 
the want of a memoir, explaining the grounds of the classification 
which I had originated, would be productive of inoonveuience, 
I undertook to write tiie present work ; the form assumed by 
which has been^to some extent, determined by the peculiar circum- 
stances under which it has been prepared. 

Questions of an exclusively scientific nature, such as those 
involved in the methods of classification adopted, are discussed in 
the Introductory Essay; while subjects of general and local 
interest, in connexion with the district more especially described^ 
are treated of, in large and small type respectively, in the second 
part of the volume. The circumstance that the work has been 
written in the intervals snatched from many other ocoi^Mitions 
and studies, may not perhaps be accepted as any apology for 
imperfections and inequalities in its mode of execution, but it must 
be pleaded as an excuse for the delay in its completion. 

Fortunately, however, geologists have not been compelled to 
await the appearance of this volume for an illustration and defence 
of the classification and nomenclature of the Jurassic rocks in the 
Midland district, now employed by the Survey; for, not only 
has my friend Mb. Samuel Shabf of Dallington entirely adopted 
these views himself, but he has chivalrously maintained and ably 
exemplified them in two memoirs read before the Geol(^cal 
Society, a task for which his extensive knowledge of the rocks 
and fossils of the district eminentiy fitted him. 

During my execution of the survey of the area, I received 
much valuable assistance, not only from Mr. Shabp, but from 
many other local geologists, among whom I may especially mention 
Mr. Beeslet of Banbury, the Kev. Miles J. Bebkxey, for- 
merly of King's Cliffe, Mr. Bigge of Islip, Mb. Bentlet of 
Stamford, and the' late Dr. Pobtbr of Peterborough. While 
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WTitiDg the memoir^ too^ I haye had recourse to the kind aid of 
several paliBOBtologists including Dr. Lycett^ the late Professor 
PHII.LIP8, Mr. Davidson, Professor Morris, and Professor 
Huxley, and especially to my former colleagues on the survey 
Messrs. Etheridoe and Sharhan. Mr. Etheridoe has, 
moreover, written an appendix to the work. 

My labours in preparing the work and carrying it through the 
press have been lightened in every possible manner by the kind 
and able assistance of my friend Mr. W. H. Holloway, who is 
now engaged in carrying on the survey of the country to the 
northwards. For the beautiful drawings of scenery which have 
been copied in the lithographic plates, I am indebted to the skilful 
pencil of Mr. Frank Rutley. Mr. Whitaker has contributed 
very largely to the Appendix of Bibliography, and Mr. Bri8TOW> 
the Director of the Survey, has afforded me the benefit of his 
advice and general supervision. 

JOHN W. JUDD. 

Brixton, 

30th January 1875. 
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PLATES. 

Plate I. (Jdcing title page), Ssriss of Compabative Vertical Sections to 
Illubtkatb the Variations in Thickness and Mineral Characters of the 
Sbybral Meubbrs of the Lower Oolites in the Midland Districts of 
Bnqland. — In these Tertical sections the maxinmm thickness of each formation 
in the particular area is represented. For the Bath district I have followed to a 
great extent the original memoirs of liOnsdale, while in the three sections in the 
Cotteswold Hills, namely, those of Stroud, Cheltenham, and Broadway, I have been 
gaided by the descriptive writings of Drs. Lycett, Wright, and other geologists, but 
have also incorporated results previously published by the Geological Survey. 
In the remaining ten sections I,have been obliged to depend mainly on my own 
observations made either daring my connexion with the survey or before that 
period, with such aid as could be obtained from wells, borings, &c. The mam 
object of this series of sections has been to show how rapidly the various members of 
the Lower Oolites thin out or vary in character as they are traced over even limited 
areas ; the constancy of character in them being actually not greater than those of 
banlcs of mud, sand, or shells, at comparatively moderate depths upon the existing 
sea bottom. The lines drawn between the several sections indicate the approximate 
equivalences of the different formations in each, as derived from palscontological 
evidence. In the upper dotted line the distances in miles between the points at 
which the several sections are obtained is given. The shadinff in these sections 
illustrates the nature of the rock, the conventional indications for clay, limestone, 
sandstone, &c., being employed. The colours indicate the geological positions of the 
various beds, and correspond with those employed upon the Index Sheet and the 
maps and sections of the Geological Survey of the United Kingdom. 

Plate II. ( facing page 52.) Diaorakmatio Sections Illustrating the 
Thinnino-oitt of the Lincolnshirb (Inferior) Oolite. — These sections aro 
not drawn upon a true vertical and horizontal scale, as this would not be prac- 
ticable in the case of an illustration in a book. Such will, however, be published in 
forthcoming sheets of horizontal sections of the Geological Survey. The object of 
the two sections on this plate is to show the manner in which the great masses of 
limestone of Inferior Oolite age (the Lincolnshire Oolite) in the North Midland 
district, thins out rapidly southward and eastward, thus giving rise to very different 
successions of beds according to its presence or absence. A similar section showing 
the same easterly attenuation of this great calcareous formation has been given by 
Mr. Sharp in his paper on the district. See Quart Joum. Geol. Soc, vol. xxix. 
(I87S), Plate X. 

In die upper section the attenuation, towards the south, of the Lincolnshire Oolite, 
as seen near Sutton Basset, Leicestershire, when it is traced to the point where it 
finally disappears near Warkton in Northamptonshire, is illustrated. 

In the lower section a similar dying out of the calcareous strata of the Inferior 
Oolite as tiiey were traced from near Stamford, south-eastward into the Nene 
Valley is made apparent. 

Plate III. (at end of volume). Diagrammatic Sections Illustratino the 
Position anb Relations of the Strata in Sheet 64. — The insertion of a 
small index map in this volume having been found impracticable owing to the rather 
complicated structure of the district, two horizontal sections have been drawn 
through the northern and southern portions of the area respectively, which will 
serve to illustrate the position of the several escarpments, lines of valley, and outliers 
of the district specially described in the memoir. The manner in which the whole 
structure of the district is dependent on the general dip of the rocks to the south- 
eastward, combined with the occurrence of hard beds of limestone, sandstone, or 
ironstone rock in the midst of thick masses of clays, will be made clearly apparent 
by an inspection of these sections. Like those of PJate II., and for similar reasons, 
these sections are purely diagrammatic, and no attempt has been made to conform 
the vertical to the horizontal scale. 

The upper section shows the two great escarpments formed by the Marlstone 
Bock-bed and the Inferior Oolite respectively, and the general decline of the 
whole plateau eastward towards the Fenland. 

The lower section illustrates the great drift covered area of Lower Oolite rocks in the 
centre of the area, outliers of which also, having escaped denudation, are seen to 
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the westward, while beds higher in the series are exposed to the eastward along 
the sides of the river valleys which intersect the district. 

In these sections, and also in those on Plate II., the fiuilts and curvatures of the 
strata have been onutted in order to avoid complicating the appearance of the 
sections, and thereby defeating the object in view, that of making clearcAr the 
general relations of tiie several formations as described in the text of this volume. 

PLITE IV. (facing page 53). Castle HiLi^ West of Uppingham, Illustkatiiig 

SOME OF THE BOLDEEt FEATURES TO WHICU THE LlAS AND OOUTES GIVK 

RISE IN THIS District. — In this and the seven succeeding plates, which are 
lithographed after sketches from the able pencil of my former colleague, Mr. 
Frank Bctlet, F.G.S., some of the most characteristic features of the scenery 
of the district depending on its geological structure are represented. Plate IV. 
shows, in the steep escarpment on the left capped by Northampton Sand (and 
. crowned by an old Roman? camp), and in the undulating and well-wooded 
country in the distance, how much the scenery of the district has gained in 
boldness and character over that to the southward, in consequence of the greater 
thickness of the masses of clays between the hard beds which give rise to the for- 
mation of the escarpments. The plateau on. the left of the landscape is consti- 
tuted by the Inferior OoKte, that on the right by the Marlstone rock*bed and the 
overlying beds of the Upper Lias covered with Boulder Clay, and -clothed, as is 
so frequently the case, with ample .woods. The view is taken ftom the north- 
east. 

Plate V. (Joeing page 77). Slawston Hill, Leicestershire. Outuer of 
Marlstone and Upper Lias capped by Northampton Sand. — This is one 
of the best illustriitions to be seen within the district of an outlying mass of strata 
isolated by denudation. The hill crowned by the windmill is composed of a 
vestige of the Northampton Sand with the underlying Upper Lias Clay, as will 
be seen by a reference to the lower section on Plate III. which passes through 
this hill. The whole rises from a plateau formed by the rock-bed of the Marl- 
stone. The view is taken from the southwards. 

Plate VI. (facing page 93). View of the Great Escarpment of the Lower 
Oolites near Gretton, Northamptonshire. — This view illustrates the great 
line of the escarpment northward from Rockingham, the bold spurs, one of which 
is crowned by thfe village and church of Gretton, and the deep receding bay-like 
hoUows being alike conspicuous. In the foreground is shown the comparatively 
steep slopes of the Upper Lias Clay, with the broken ground resulting &om the 
slipping of the overlying strata as a consequence, of the outburst of springs. ' The 
view is taken from the south-west. 

Plate VII. (facing page 106). Robin-a-tiptoes, Leicestershire. An Out- 
lier OF THE Northampton Sand. — No hill in the district could be chosen as 
showing better the characteristic tabular forms assumed by the outliers of harder 
strata in the district. The view is taken from the southwards, and the gentle dip 
of the hard beds of Northampton Sand capping the hill, which exhibits traces 
of old entrenchments at its summit, is well illustrated by it. The steep slopes of 
the hill are of course constituted by the Upper lias Clay, the flat ground around 
it by the Marlstone rock-bed, a quarry in which is $hown on the left of the pic- 
ture, near the farm-house. A deep ravine cut by a small stream, the sides of 
which are densely wooded, cuts down into and exposes the chiys of the Middle 
Lias. 

Plate VIII. (facing page 200). Section of the Upper Estuarine Series 
AND Lincolnshire Oolite at the Railway-cutting and Brickworks at 
TjITTle Bytham. — Travellers to or from the North by the main line of the 
Great Northern Railway* can hardly fail to notice this interesting exposure of the 
rocks, which for the district is an unusually extensive one. The section is 
crowned by traces of the beds of Great Oolite Limestone ; the strikingly hori- 
zontal banded strata are the clays of the Upper Estuarine Series, here extensively 
dug for brick-making. The rocks exposed in the sides of the railway-cutting 
belong to the Lincolnshire Limestone, the false-bedding of the highest course of 
rock here at once arresting the attention of the geologist 

Plate IX. (facing page 211). Section of the Gaeat Oolite Limestoxes 
WITH the Underlying Upper Estuarine Clays been in the Essendine 
Cutting of the Great Northern Railway. — In this section the Great 
Oolite Limestones resting on the variegated clays are seen in a deep railway- 
cutting. At this place some of the best specimens of the freshwater shells in the 
Estuarine Clays were collected during the formation of the railway ; in the lime- 
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stones wen obtained the bones of the gigantic Cetioiaunu, The contrast pre- 
sented between the Jointed limestones alMire and the laminated days below is well 
Been in this drawing. This section, hke the last, may be noticed by passengers on 
the main line of the Great Northern Bailway. 

FtATB X. (Joeing page 281). Vnew ov thb Low Tabulab HiuA yormbd bt 
«HB Gbbat Oolitb Bbim at Gbixstbobpx Pabk, Limgolbshire. — This view 
taken firom the north-west well illustrates the general characters presented in the 
nomerovi small valleys cut through the alternating limestone and clay beds of the 
Great OoMte Series. The broad flat hills are capped by Combcash, while the 
Great Oolite limMone and the Upper Estuarine Series crop out in the lower 
parts of the yalleys. The flat bed of the valley is formed by the limestones of 
the linoohishnre Oolite, and hence the stream Is subterranean during the greater 
part of the year. 

FukYB XI. {facing page 864). Illustbatino thb Tabvlab OuTLiirxs of thb 
Hnxs Wbst of Ufpibohav. — ^This view, taken from Wardley Hill and looking 
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valleys between are cut into the beds of the Lower Lias Clays, the whole being 
SBasked and their outlines somewhat softened by the extensive development of the 

' Boulder Cbiy in the area. 
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INTRODUCTORY ESSAY. 

On the C14A8SIF10ATION OF THE Jurassic Strata op the 
Midland District and their Correlation with 
THOSE op the Cotteswold Hills and the North- 
east OP Yorkshire respectively. 



The present memoir is the first issaed by the Geological 
Survey, in which some important modifications of the Classifica- 
tion and additions to the Nomenclature of the Lower Oolites are 
employed ; these it has been found necessary to adopt in order 
to explain the relations of the beds of this age as they are 
traced northwards into the Midland district. It has^ therefore, 
been thought advisable to preface the description of the area, to 
which the memoir more especially refers, with some account of 
the grouping of the strata employed for the purposes of the 
survey, of the terms used to indicate them, and of the reasons 
which have led to the adoption of that classification and ter- 
minology. In doing this it has necessarily been found impos- 
sible to avoid a more technical mode of treating the subject than 
is employed in the later and purely descriptive portions of the 
memoir. 

No fact in connexion with the English Jurassic strata is of Difference &e- 
more striking character and significance than the wonderful c/'^tt*©^*^ 
differences between the sections displayed in the typical localities England and 
of the south-west of England, and those of the north-east of ^*^*«*»''*- 
Yorkshire. The more thoroughly and minutely the rocks in 
these two districts are studied, the more striking do the dis- 
crepancies between the several members of the two series appear ; 
these difierences being equally marked alike in regard to their 
thickness, their petrological character, and the distribution of their 
organic remains. 

It was by the careful study of the Oolites in the south-west 
of England that the accepted classification of the Jurassic 
system was first arrived at; but it was in Yorkshire that this 
classification, and the principle on which it was founded, (that 
of the identification of strata by their organic remains) were 
submitted to a crucial test. Never had a new theory to pass 
through a severer ordeal than when the conclusions, arrived 
at from the study of the alternations of the limestones, sands, 
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and days, of the Bath district, were first applied to the elaci- 
^ dation of the massive coal-bearing sandstones and shales of the 
Moorlands of the north-east of Yorkshire ; and never^ certainly, 
did a theory come out of such trial more triumphantly, or with 
stronger proofs of its general soundness and great capabilities^ 
than did this. 

Since the period of the pioneer labours of Smith and his coad- 
jutors Richardson and Townsend, the Oolites of the south-west 
of England have been made the object of indefatigable study 
by many observers, such as Conybeare, Murchison, Buckland, 
De la Beche, Lonsdale, Buckman, Strickland, Lycett, Wright, 
Etheridge, Moore, Brodie, Day, Hull, and others; while the 
whole district has been mapped and described by the officers of 
the Geological Survey. The magnificent sections of the York- 
shire coast, which were first brought into general correlation 
with those of the south by the skill of Smith and Phillips, have 
also attracted the attention of many subsequent writers, includ- 
ing Williamson, Louis Hunton, Wright, Leckenby, and Oppel, 
who have succeeded in explaining some, at least, of the anomalies 
which remained after the labours of the two former geologists. 
m^ndd/^ But the intermediate Midland district, where we might 
triet. reasonably hope to find a key to many of the unsolved problems, 

which still confronted the geologist who should attempt an 
exact correlation of the strata of the northern and southern areas, 
has unfortunately received far less attention. Smith's county 
maps of Northamptonshire and Lincolnshire were, at the time 
of his death, left incomplete and unpublished, and comparatively 
little has been done by subsequent, explorers to supply the great 
gap thus left in our knowledge concerning the Jurassic rocks of 
England. 
History of pre^ The general maps of England, by Smith and Greenough, repre- 
vtottsoptmon, g^nted the thick limestone series, which constitutes so conspicuous 
a feature in Lincolnshire, as being of Great Oolite age, while the 
underlying ferruginous sands, which have since proved to be of 
such great commercial value, are placed in the Inferior Oolite ; 
and in this view most succeeding writers have concurred. It 
must be remembered, however, that at the early date of Professor 
Phillips* work on the Geology of Yorkshire — ^in which beds, in 
that county, now regarded as Inferior Oolite, were called Baih or 
Great Oolite — but little had been done in working out the faunas 
and showing the essential points of distinction between the two 
series which together make up the Lower Oolite. A'striking 
illustration of this may be found in the description of the Oolites 
on the north of the Humbei by the Rev. W. Vernon Harcourtand 
Professor Phillips, published in 1826 (Thompson*s Ann. of Phil., 
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new series, vol. xi., pp. 435-439). In this paper the strata 
forming the most northern development of. the Lincolnshire 
Oolite limestone are shown to be of Inferior Oolite age, and the 
identification is supported by a number of fossils which are cited. 
It is true that this correlation — undoubtedly the correct one — which 
was then maintained both by Smith and Phillips^ was to some extent 
abandoned, and in subsequent works the identity of the Lincoln- 
shire with the Great Oolite indicated ; but as Professor Phillips 
pointed out in 1854^ this correlation was^ in the first instance, 
put forward rather as a useful suggestion than as an established 
fact* It must be borne in mind too that there is an unfortunate 
confusion, not even yet removed from works on Systematic Geology, 
as to the sense in which the term *^ Bath Oolite " should be 
used. The majority of authors employ it as synonymous with 
^' Great Oolite/' but several geologists, including Professor Phillips 
and the late Professor Jukes, have constantly used it as alternative 
with ** Lower Oolite.'* ' 

The identification of the Lincolnshire Oolite with that of Bath, 
which was for a long period so generally accepted among geolo- 
gists, appeared to receive the strongest support from the fact of 
the existence, at the base of either of the great calcareous series, 
of the fissile sandy rocks known as the Stonesfield and CoUy- 
weston Slates respectively. This striking circumstance appears 
to have had great weight with Lonsdale in preparing his manu- 
script maps of the Oolites of the Midland districts, which were 
constructed for the Geological Society f ; and equally does it 
appear to have influenced Professor Morris in drawing up that 
description of the country about Peterborough and Stamford, the 
result of repeated studies, which in conjunction with Captain 
Ibbetson, be laid before the British Association in 1847.:t 

It is true that the Rev. P. B. Brodie, on submitting a series 
of fossils collected by him in the Lincolnshire Oolite near 
Grantham, to Dr. Lycett, was confirmed by that palceontologist 
in the view which he had been led to adopt, namely, that the 
beds which contained them were of Inferior rather than of Great 
Oolite age, but as he proposed to place the beds in question below 
the Collyweslon Slate, Mr. Brodie's views, which were published 
in 1850,§ did not attract mucli attention from those acquainted 
with the general succession of beds in the area. 

• Quarterly Joumal, Geol. Soc, vol. xiv. (1857) p. 85. 

t These maps are still preserved in the Library of the Geological Society. 

X Notice of the Geology of the Neighbourhood of Stamford and Peterborough, 
Bep. Brit Aflsoc. for 1847, Trans, of Sections, p. 127. 

§ Sketch of the Geology of the Neighbourhood of Grantham, Lincolnshire, and 
a comparison of the Stonesfield Slate at Collyweston, in Northamptonshire, with 



4 GEOIiOGT OF RUTLAND, &0. 

The publication in 1853 of Professor Morris' most valuable paper 
" On some Sections in the Oolite District of Lincolnshire " marks 
an important era in the history of the geology of the Midland 
districts.* The general succession of beds as seen in the cuttings 
of the Great Northern Bailway was very dearly described, and the 
great differences between the fauna of the Lincolnshire Oolite and 
that of the Great Oolite distinctly recognised. Li spite of this, how- 
ever, the resemblance of the beds above the limestone in question to 
the Forest Marble, and of the beds below it to the Stonesfield Slate, 
were considered to be so great, that this supposed stratigraphical 
evidence was allowed to outweigh the pala&ontological, and the great 
limestone series was referred, though with much doubt and hesita- 
tion, to the Great Oolite. Professor Morris has, however, more 
recently (in 1869) taken the opportunity of correcting this point 
and of expressing bis adhesion to the view that the Lincolnshire 
Oolite, as well as the *^ slate beds " below it, belongs to the Inferior 
Oolite.t 

The conviction that the Lincolnshire Oolite and the Northamp- 
ton Sand are really of Inferior and not of Great Oolite age has 
gradually gained ground among geologists. It has been main- 
tained by Dr. Lycett ever since the year 1860 on purely palseon- 
tological grounds; and in 1858 the Rev. T. W. Norwood, in a 
paper read before the British Association, and subsequently at 
Professor Phillips' request published in the first volume of the 
*' Geologist," showed that the fauna of the northern prolongation of 
the Lincolnshire Oolite about Hotham and Cave, especially the 
Echinodermata, agreed very closely with that of the pea-grit which 
forms the base of the Inferior Oolite of Cheltenham, but that it 
had but few, if any, resemblances to that of the Great Oolite. 
Mr. Sharp of Northampton, and Mr. Beesley of Banbury, were, 
by the study of the fossils in their respective areas, independently 
led to similar conclusions. While studying the general relations 
of the Lincolnshire strata and the characters of their faunas in 
the year 1866, the author of the present memoir was induced, 
both on stratigraphical and palseontological grounds, to regard 
both the great calcareous series in that county, so frequently 
referred to, and also the ferruginous beds below it, as undoubted 
Inferior Oolite. 

that in the Cotteswold HillB. Ann. Mag. Nat. Hist., Ser. 2, vol. vi., p. 256, and 
Proc. Cotteswold Nat. Club, voL i., p. 52. 

Bemarks on the Stonesfield Slate at CoUjweston, near Stamford, and the Great 
Oolite, Inferior Oolite, and Lias in the neighbourhood of Granthapi. Bep. Brit. 
Assoc, for 1850, Trans, of Sections, p. 74. 

♦ Quart. Joum., Geol. Soc.,vol. ix,, p. 317. 

t Geological Notes on parts of Northampton and Lincolnshire; GeoL Mag., 
vol vi., p. 446. 
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When the officers of the Geological Survey found that the 
Lower Zone of the Great Oolite (which included the well known 
Stonesfield Slate) passes in its northern extension into a sandy 
and ferruginous rock^ they were led to regard the whole of that 
formation — ^to which they gave the appropriate name of the 
'* Northampton Sand" — as representing the base of the Great 
Oolite. The subsequent progress of the Survey, however, fur- 
nished the strongest grounds, both palseontological and strati- 
graphical, for the modification of this view, and in the year 1870 
the changes found to be necessary were introduced into the maps 
and index of the Survey* 

It is an interesting circumstance, and one by no means devoid Conjusion 
of suggestiveness, that a similar confusion to that we have noticed ^^l!^e'»cTof 
in the case of the Midland district, long prevailed with regard to '* aiate beds,'* 
the correlation of the beds of the Great Oolite series in the 
south-western area. The difficulty arose in this case in con- 
sequence of the erroneous identification of the Stonesfield 
Slate with the fissile beds of the Forest Marble, which is worked 
for roofing materials at Fairford, Chavenage, &c. on the skirts 
of the Cotteswold plateail. In 1832 Lonsdale — by demonstrating 
that these two sets of beds were, in spite of their resemblances in 
mineral character, of very different age* — at once made clear the 
true order of sequence of the Great Oolite strata of the Southern 
Cotteswolds, concerning which such conflicting opinions had been 
before maintained. The separation of the CoUyweston from the 
Stonesfield Slate has produced a similar revolution in our views 
concerning the correlation of the Oolites of the Midland district ; 
it has also been attended with a great simplification of our classifi- 
cation and the removal of many apparent anomalies. 

It may be interesting to notice that the occurrence of these so 
called *' slate beds " of the Oolites, which have been the source of 
such great confusion in the classification of the Jurassic Rocks 
of England, is in almost every instance a phenomenon of very 
local character. The presence of such beds depends on the 
existence, in a rock mass of a finely laminated structure, of a 
due admixture of calcareous and arenaceous materials; and as the 
necessary conditions for their formation can scarcely be expected to 
prevail over any extended district, we are not surprised to find that 
the peculiar features of such rocks are only found over compara- 
tively small areas ; the *' slate " passing within very short distances 
either into loose sand on the one band^ or into solid limestone 
rock on the other. This is the case alike with the Stonesfield, 
the CoUyweston, and other similar "slates.'* 

♦ Proc. GeoL Soc, vol. i., p. 413. 
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It will be instructive to exhibit in 
horizons of these several ^' slate beds 
Lower Oolites of this country. 

rSlates of Fairford, Chavenage, 
Great J &c. - • 

Oolite. I Slates of Stonesfield, Eyeford, 
L Sevenhampton Common^ &c. - 

rSlate of Brandsby (Yopkahire) - 



a tabular form the various 
'' at present known in the 



Inferior 
Oolite. ^ 



Slates of Collyweston^ Kirby, 
Dene Park, &c.- 

Slate of Duston - - - 



Fbreat Marble. * 

Base of Great Oolite. 

Middle part of Inferior Oolite 
(Zone of Ammonites Hum- 
phresianuB ?). 

Lincolnshire Oolite (Zone of 
Ammonites Sowerbji). 

Northampton Sand (Zone of 
Ammonites Murchisonae). 

The progress of exact observations among the Jurassic Bocks 
has shown how much more local in character are many of the 
subdivisions of that system than was formerly supposed. At one 
time names like Kellaways Rock^ Cornbrash^ Forest Marble^ 
and Bradford Clay were applied to many deposits upon the 
continent^ which were of about the same age and at the same 
time happened to resemble in mineral character the English 
beds to which the names were originally applied. The 
fallacy of such nomenclature and its mischievous results have 
been pointed out by many authors, and by none with more 
force of argument and justice of illustration than by Jules 
Marcou, in his '' Lettres sut les Koches du Jura." The prac- 
tice of identifying distant strata on the ground of petrological 
resemblance^ which has been almost wholly abandoned in 
France and Germany, lingers to a somewhat greater extent 
perhaps in this country; but as the accurate mapping of the 
several formations proceeds, the unsoundness of the method 
becomes every day more and more obvious. To be convinced 
of this it is only necessary to compare the successive editions of 
the Index Sheet of the Geological Survey. In the earlier ones 
each formation is represented by a single column, one series of 
subdivisions answering for all the country then mapped; but as 
the survey proceeded it was found necessary to adopt distinct 
systems of classifications for different areas, these being represented 
in parallel columns. The portions of the Geological series in 
which we find this change most marked, or in other words the 
systems which exhibit beds of the most local character, are the 
Jurassic and Carboniferous. The very slight persistence of many 
of the well marked Oolite beds, and the manner in which they 
thin out or entirely change their characters, often within distances 
of a few miles only, has been admirably illustrated in the descrip- 
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tions of the strata of the Cotteswold Hills by Drs. Wright^ Lycett, 
and HoU, and Mr. Hull. 

In the introductory essay to this memoir we propose to notice TabU Ulm- 
the changes which take place in each of the subdivisions of the tratvHgehanyei 
Jurassic strata of the Cotteswold Hills (where their characters 
and faunas have been so well illustrated by the labours of many 
observers) as we follow them northwards through the Midland 
Counties into Yorkshire. The following table (see next page) 
illustrates the succession of Lower Oolite strata in the Northern 
Cotteswolds as illustrated by Mr. Hull, Dr. Wright^ and other 
observers, with their equivalents in the Midland district and 
South Yorkshire respectively. 

The highest of the Jurassic formations which it is necessary Variatiena in 
to notice in the present essay is the Oxford Clay, The several 0*M^ ^^^u- 
horizons (each marked by the successive appearance of certain 
species of Ammonites and other fossils, and the simultaneous dis- 
appearance of others) which have been distinguished alike in 
Germany, Switzerland, France, and England, are clearly traceable, 
as will be shown in the present memoir, in our Midland district. 
The well known Kellaways Bock of Wiltshire has been found in 
a more or less rudimentary condition as far north as Tetbury ; in 
Oxfordshire, according to Professor Phillips, it is entirely wanting, • 

but in Bedfordshire, Northamptonshire, and Lincolnshire irregular 
sandy beds, often crowded with the characteristic fossils of the zone, 
make their appearance at the base of the Oxford Clay. In South 
Yorkshire the whole of the Middle Oolite is greatly reduced in 
thickness, and is represented by more or less ferruginous sandy 
beds, evidently deposited in shallow water near land. These beds 
have been called the Kellaways Rock ; but an examination of their 
fauna appears to indicate that they represent a littoral condition 
of the whole of the Middle Oolite series. It is not necessary, for 
the purpose of this memoir, to describe the remarkably inter- 
esting manner in which the various zones of the Middle 
Oolite series are represented in the North Yorkshire area, 
the strata in question being entirely cut off from those of the 
district ander consideration by the overlap of the upper Cretaceous 
series. 

The Combrash is one of the most strikingly persistent beds of Variations in 
the Jurassic series. Although of such insignificant thickness, it can strata- 
be traced through the whole of the Southern and Midland districts 
of England, everywhere maintaining its well marked mineral and 
palsBontological characteristics. But in North Lincolnshire even 
this most constant bed begins to undergo a change; its thickness 
is greatly reduced, it exhibits evidence of more littoral conditions. 
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and it is in places almost wholly made up of beds of small ojstersi 
a feature never piesented by it in its normal aspect Before we 
reach the Humber, the Cornbrash is found to have altogether 
thinned out and disappeared. The so-called Cornbrash of the 
North of Yorkshire is not only not continuous with that of the 
South and Midland districts of England, but, as shown by Dr. 
Lycett,* presents essential points of di£Perence from that forma- 
tion in its mineral character and still more striking ones in its 
fauna. It would be well if a local and distinctive name were 
applied to the Yorkshire rock, which is perhaps the only repre- 
sentative of the Great Oolite series in the northern area. 

The Forest Marble, which was evidently a shallow-water deposit, 
and as Professor Phillips has shown^ sometimes even exhibits 
estuarine characters, everywhere presents great variability in the 
succession and thickness of its various beds of clay, sand, and 
shelly limestone. In Oxfordshire the limestones thin out and dis- 
appear altogether, and the clays with occasional shelly bands, 
become so thin and insignificant in North Oxfordshire, South 
Northamptonshire, and the adjoining counties, that it was found 
impracticable by the Geological Survey to map them separately, 
and hence they are in those districts grouped with the Great 
Oolite. . As we go northwards into North Northamptonshire and 
Lincolnshire these beds of day again thicken, and become of greater 
importance, but they do not include the characteristic shelly 
limestones of the Forest Marble of the south of England They 
are mapped in sheet 64, and that to the north of it, under the 
name of ^' Great Oolite Clays." It is true that the strata of the 
Upper Zone of the Great Oolite in the Midland district occasionally 
contain fissile limestones identical in character with those of the 
Forest Marble, but this is evidently the result of a local similarity 
of conditions, and neither pal»ontological nor stratigraphical evi- 
dence can be adduced in favour of considering them as part of 
that formation. The Bradford Clay is a more local and incon- 
stant stratum even than the Forest Marble; important and 
interesting as are its characters in the Bath district, it loses almost 
all its importance in the Cotteswolds. The identity of the stratum 
at Tetbury with that at Bradford has even been doubted by some 
geologists, and it has been found quite impracticable by the 
Geological^ surveyors to map it as a separate formation. 

The Upper Zone of the Great Oolite is, in its persistency 
and uniformity of character, only second to the Cornbrash itself. 

* Supplementary Monograph on the Mollusca from the Stonesfield Slate, Great 
Oolite, Forest Marhle, and Cornbrash, by John Lycett, M.D. Published by 
Palsontographical Society, 1863, p. 117. 
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Everywhere exhibiting alternations of white marly limestones and 
daysy crowded with a highly distinctive faiina^ in which the 
Myad(By Ostreidce, and JEchinodermata are especially noticeable by 
their abundance both of species and indiyiduals, these strata (which 
are constantly burnt for lime in the districts where they are 
developed) are well known to all who have studied the geology 
of the Northern Cotteswolds, Oxfordshire, Northamptonshire^ and 
Lincolnshire. At times, it is true, they exhibit local variauons ; 
passing in some places into shelly and occasionally oolitic free- 
stones which afford good building stones, and in others into fissile 
beds which present appearances similar to those of the Forest 
Marble. When the formation is traced through the country, how- 
ever, the observer cannot doubt of the continuity of the series of 
beds. In Mid- Lincolnshire the Upper Zone of the Great Oolite is 
very greatly reduced in thickness, and its lower calcareous portion 
finally thins out and disappears altogether, at a point considerably 
to the south o( that at which the Cornbrash is lost. 

The Lower Zone of the Great Oolite^ which, in its frequent 
oblique lamination, its numerous remains of terrestrial organisms, 
and the often prevailing .arenaceous elements of its compositioD, 
suggests, like the Forest Marble above, with which indeed its beds 
were at one time confounded, the littoral conditions under which 
it was deposited. The thick shelly freestones of Minchinhampton 
Common pass northwards into fissile shelly and often sandy lime- 
stones, which in the Northern Cotteswolds and South Oxfordshire 
present at their base, in local patches, fissile beds ; these at Eyeford, 
Sevenhampton Common, and Stonesfield are capable of being 
split, by the aid of frost, into "slates*' used for roofing purposes. 
It was found by the Geological surveyors that tliese " slate " 
yielding beds, as they are traced northwards, lose their calcareous 
characters and are represented by sands, which occasionally become 
ferruginous. As we shall hereafter show, certain beds of the 
Inferior Oolite undergo a precisely similar change of character in 
the same area ; and the two series of sandy beds representing the 
attenuated and more littoral conditions of two important limestone 
formations of the Cotteswolds (namely the Leckhampton and 
Minchinhampton freestones) thus brought together, being 
frequently altogether destitute of fossils, the line of demarcation 
between them can no longer be traced. These sandy strata, 
which in places are reduced to only a few inches in thickne^, 
have been mapped together under the name of the *' Northampton 
Sand/^ As we go northwards, however, the sandy representative 
of the Lower Zone of the Great Ooliie is found gradually to 
change in character and to become mainly argillaceous in iu com* 
position. These beds of clay are evidently of estuarine character 



INTBODUOTORY EgflAY. 11 

presenting alternations of bands with freshwater and marine 
Fossils, and mineral characters identical with those of the Purbeck 
and the beds which form the top of the Wealden. These strata^ 
which in North Northamptonshire and Lincolnshire present very 
marked characters, have been mapped by the Survey under the 
name of the " Upper Elstaarine Series ;" they form the base of 
the Great Oolite. The strata in question were first described by 
Professor Morris in 1853^ froni their exposures in the cuttings of 
the Great Northern Bailway, then in course of construction ; 
the beds were at that time however regarded as the equiva- 
lents of the Forest Marble. As we pass northwards in the 
county of Lincoln the Upper Estuarine Series, like the other 
members of the Great Oolite, becomes gradually reduced in thick- 
ness, and by the thinning out of the Upper Zone of the Great 
Oolite, the two argillaceous series, representing the Forest Marble 
and the Stonesfield Slate respectively, are brought together; 
thus the only vestige of the Great Oolite formation below the 
Combrash in North Lincolnshire is a thin series of clays of more 
or less estuarine character. It is doubtful whether any represen- 
tative of these argillaceous beds extends to the north of the 
Humber. 

The Fuller^s Earthy which appears by its fauna to form a 
transition series between the Great Oolite and Inferior Oolite 
of the Cotteswolds, is a very variable member of the Jurassic 
series. Near Bath it is 150 feet thick, at Sapperton Tunnel only 
70, and in the northern part of the Cotteswolds it thins out 
and disappears altogether. 

The Ragstanes of the Inferior OoUte^ as shown by Dr. Lycettin Variatum in 
his valuable '' Handbook to the Cotteswold Hills," undergo many ^oJu^^ta. 
variations in character within that area. As we pass northward 
and westward into Oxfordshire, however, this portion of the Inferior 
Oolite no longer presents its well-marked subdivisions, but, as 
was shown by Mr. Hull, is represented only by the *^ Clypeus 
Grit," which, becoming gradually more and more reduced in 
thickness, finally disappears near Chipping Norton, and to the 
north of Witney. The Bagstones of the Inferior Oolite are 
shown by Dr. Wright to represent the Zone of Ammonites 
Parkinsoni. 

The Upper Freestones^ which in places are almost destitute of 
fossils, have been shown by Dr. Wright to be represented at 
Cleeve Hill by a series of strata, yielding the characteristic 
fossils of the Zone of Ammonites Humphresianus. This division 
is perhaps the least constant of all the beds of the Inferior 
Oolite of the Cotteswolds ; besides undergoing^ numerous and rapid 
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changes in mineral character, it thins out and disappearB north- 
wards and eastwards before even the Oolite Marl. 

The. OoKte Marl is a thin, but an interesting and well marked^ 
stratum, which has been regarded by Dr. Wright as representing 
the upper part of the Zone of Ammonites Murchisonss^ but by 
Dr. Waagen has been referred to the Zone of Ammonites Sower- 
byi. It can only be traced over the middle and northern parts 
of the Cotteswolds, and even within those areas undergoes very 
considerable changes in mii^eral character and thickness. 

The Lower Freestones, which form so large a portion of the 
mass of the Inferior Oolites of the Cotteswolds, partake of the 
general attenuation of the beds of that series towards the north 
and east. Near their base the Lower Freestones become sandy 
and sometimes ferruginous, and thus graduate into the Pea Grit 
below. In their northern extension these sandy and ferrugi- 
nous characters become still more marked, as may be well seen 
in the Great Outliers of Ebrington and Bredon Hills. 

The Pea Grit, with the '^ roe-stone " in its upper part, and the 
sandy ferruginous beds at its base, has but a very limited range 
in the Northern Cotteswolds. North of Stanley Hill it can no 
longer be recognised as a distinct bed ; but it may possibly be 
represented, together with the freestones above, in the sandy and 
ferruginous beds which constitute the base of the Inferior Oolite 
in those northern spurs and outliers of the Cotteswolds, known as 
Broadway, Campden, Ebrington, and Bredon Hills. 

The Mid/ord Sand appears to form a transition series between 
the Upper Lias Clays and the Inferior Oolite. At this horisEon in 
Swabia there is developed a series of most richly fossiliferous beds 
distributed by the German geologists into two Zones — the Zone of 
Ammonites Jurensis and the Zone of Ammonites torulosus; and 
between these is the line which is generally accepted upon the <^n- 
tinent as separating the Upper Lias from the Inferior Oolite. In 
this country, however, the strata at this horizon, though attaining a 
great thickness in some places, are almost wholly unfossiliferous, ex- 
cept in one or two thin bands; hence a division similar to that adopted 
by foreign geolo^stsdoes not appear to be practicable in England. 
From a thickness of 150 ft. in the Southern Cotteswolds they thin 
out rapidly in going northward, and cannot be mapped as a separate 
bed farther in that direction than Chipping Campden ; as pointed 
out however by Dr. Holl, there are some grounds for believing that, 
in the sandy and ferruginous beds of the extreme northern spurs of 
the Cotteswold range, the Midford Sand as well as the Pea Grii 
and the Lower Freestones are represented. The palaeontological 
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evidence in favour of this view is not, however, altogether con- 
clusive. See the Series of Vertical Sections in Plate I. 



It has usually been thought that the sandy and ferruginous changes of 
beds of the northern spurs and outliers of the Cotteswolds, which ^'^*7*^ ^**''Jf 
represent the Zone of Ammonites Murchisonee, are entirely lost and eastward, 
as we pass northwards and eastwards. Such however is not the 
case. Crossing the broad Vale of Moreton we pass from the 
northern promontories of the Great Cotteswold plateau to the hills 
of North Oxfordshire : in the nearest of these, Brailes Hill, we 
find the same rocks as in Ebrington Hill^ namely oolitic limestone 
alternating with sandy ferruginous beds, the only difference being 
the preponderance of the latter at the more easternly locality. 
The position of these beds in the series is put altogether out of 
question by the fauna which they yield ; ' and this unmistakeably 
indicates tiiat they are the representative of the Zone of Ammo- 
nites MurchisonsB. 

We have already noticed how the beds of limestone, constituting 
the base of the Great and Inferior Oolite series respectively, pass 
into strata of an arenaceous character to the northwards and 
eastwards, while they are at the same time greatly reduced in 
thickness. We have also seen how the intermediate subdivisions 
of the Lower Oolite thin out and disappear as we trace them to 
the northwards. Consequently we have in North Oxfordshire 
and South Northamptonshire that series of sandy and sometimes 
ferruginous strata, known as the •* Northampton Sand," lying The *' North- 
between the Upper Lias Clay and the Upper Zone of the Great «»»P'«i Sand." 
Oolite. 

As the facts which have been ascertained with regard to the 
relations of the beds representing the Lower Oolites in the 
northern part of Oxfordshire, taken in connexion with the 
changes which the several members of the series undergo as they 
are traced northwards and eastwards, form the grounds on which 
the classification of these beds in the Midland district, that has 
been adopted by the Geological Survey, is based, it will be necessary 
to explain them in this introductory essay in some detail. 

We have described the manner in which the strata representing 
the Zone of Ammonites Murchisome in the Cotteswolds, namely the 
Pea Grit and Lower Freestones, as we trace them to the northwards, 
undergo considerable changes in mineral character, becoming 
sandy and ferruginous, while the highest bed of the Zone, the Oolite 
Marl, thins out altogether. This change of mineral character of 
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the Inferior Oolite is well displayed at Broadway Hill, and in the 

great outliers of Bredon Hill and Ebrington Hill, which lie to 

the north of the Cotteswolds. 

^T^fh ^Val ^^ ^® former of these outliers the Inferior Oolite strata which 

ofMoreim^ cap it have been preserved from denudation by the great fault, 

TAe Sheet 44 ^^^ jjj^g \^^ them down far below their original level. Above 

of the Geo- •..,-. 

logical Survey » the Village of Kemerton there are extensive pits in the ferruginous, 
sandy, oolitic rock, which here forms the base of the Lower Free- 
stone series. This rock is occasionally banded with iron, and 
precisely agrees in character with the beds included in the North- 
ampton Sand at many localities, both in Oxfordshire and North- 
amptonshire. In places certain of the beds are almost wholly 
made up of fragments of Pentacrinus. Above the sandy and 
ferruginous beds the white freestones, presenting their usual 
characters, are quarried. 

In an old pit opposite to "Kemerton Castle House" we find 
the upper beds composed of white freestone, and passing down 
into a ferruginous rock of the most variable character ; some- 
times consisting of loose brown sand, at others of brown sand 
indurated by carbonate of lime into a hard rock, and at others again 
becoming oolitic and shelly, as in the last pit. Certain beds consist 
of brown sandstone, including hard calcareous ramifying masses, 
which cause the whole to weather into blocks with very rough 
surfaces. Some of the stone has a curious vesicular structure, being 
made up of rounded fragments of white or pink oolitic limestone 
cemented together by crystallized carbonate of lime, the interstices 
being filled with brown sand. Occasionally the rock is traversed 
by bands of hydrated peroxide of iron, and in places these 
assume that cellular and concentric arrangement, due to weather- 
ing from the joint planes, which is so commonly presented by 
both the calcareous and arenaceous varieties of the Northampton 
Sand. 

In the same great outlier of Bredon Hill, we find, above tlie 
villages of Conderton and Overbury, a similar series of sections. 
The higher beds consist of the ordinary white freestones, and pass 
down gradually into a rock of more or less ferruginous character. 
In some places the rock is a fine oolite limestone often with large 
oolitic grains ; in others it is very sandy ; and it is occasionally 
seen to be almost wholly made up of fragments and joints of 
Peniacrinus, with plates and spines of other Echinoderms, a few 
fragments of shells, and waterworn corals and Polyzoa. . In this 
latter variety of the rock, all the constituents exhibit evidence 
of having been drifted. The ferruginous rock forming the 
base of the Inferior Oolite in this outlier is often intensely hard 
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and compact, and fossils can only be obtained from the surfaces 
which have been weathered. The most abundant shell in the 
sandy and ferruginous rock at the base of the Inferior Oolite at 
Bredon Hill is Peeten personatus, Miinst. ; Brachiopoda^ including 
Terebrahda perovaHs, Sow. ; T. submaxiUata, Mor. ; Rhynchonella 
Gingensisf Waagen, and Rhynchonella cynocephala. Rich., are 
not rare, but almost always occur with their valves separated and 
much waterworu. With these are found, but in lesser abundance, 
Belemnites ellipticus. Mill. ; Ostrea Sowerbyi, Mor. and Lye; 
Hmnites abfedus Phil, sp,^ and drifted, waterworn corals. 

Crossing the Vale of Evesham, we find in the northern spur of 
the Cotteswolds which forms Campden and Broadway Hills, and in 
the outlier of Ebrington Hill^the same alterations in the characters 
of the strata belonging to the Zone of Ammonites Murchisonie, 
well exemplified. At Campden Hill is seen the Oolite Marl, 
which is here about 6 feet thick, presenting its usual characters of a 
soft white chalky-looking rock, sometimes highly indurated and 
crowded with fossils, among which are Natica Leckhamptonensis^ 
Lye. ; Ostrea Jlabelloides, Lam. ; Modiola imbricatOf Sow. ; Lima 
pectmifarmis, Schloth; Perna quadratoj Sow.; Triffonia costata. 
Sow. ; Terebraiulajimbriay Sow. ; T, plicata^ Buckm., Rhynchonella 
eoncmna. Sow., and R. Lycetti, Dav. ; and beneath this occur 
representatives of the Lower Freestones and Pea Grit. These are 
about 45 feet thick, and consist of oolitic limestones of a yellowish 
colour, which, as we trace them downwards, are seen to become more 
and more sandy and ferruginous in character ; they rest on the 
representative of the Midford Sand (here reduced to a rudi- 
mentary condition). Towards the base of the series occurs 
a very sandy oolitic rock with ferruginous banding, like that 
80 common in the Northampton Sand. The attenuated beds 
of the Lower Freestones are also seen at many points on Broad- 
way BUU ; and here we find the upper parts everywhere con- 
sisting of yellow or brown oolitic limestone, and the base of 
very variable beds, but usually of a more or less sandy and 
ferruginous character, passing locally into tolerably pure oolitic 
or shelly limestone. 

In Ebrington Hill the beds of the Inferior Oolite^ which con- 
stitute an outlying mass, consist mainly of yellow and brown, 
somewhat silicious and coarsely oolitic limestone rock, and exhibit 
in places ferruginous banding like that of the Northampton Sand. 
Some of the beds are composed of a ferruginous shelly rock, in 
places almost wholly made up of plates of Pentacrinus^ with abun- 
dant specimens of Pecten persanatus, Goldf ; Trigania signaia, 
Ag. ; Terebratula perovalii, Sow., &c. In one of the pits we have 

B 2 
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a very instructive section. At its southern end are yellow and 
ferruginous sands^ a little to the northward irregular hard beds 
occur in these sands, and still Farther north the whole passes into 
a calciferous sandstone rock with ironstone banding ; in fact there 
is presented to us in one section examples of the different aspects 
which the Northampton Sand assumes at various points. Still 
further norths however, the rock becomes more and more oolitic in 
structure, and thus passes into the ordinary yellow oolitic limestone 
which caps the hill. All these changes take place within a distance 
of about 40 yards. Everywhere on this outlier of Ebrington Hill, 
the limestones of the Lower Freestones may be seen to assume 
arenaceous characters^ thus graduating in places into calcareous 
sand-rock^ or into sandy calcareous stone with some imperfect 
cellular ironstone. Above Ilmington Downs, on the north side of 
the Hill, we find the ordinary yellow freestones passing down 
into beds of sand, sometimes containing *' pot-lids," and graduat- 
ing into a mass of fissile calcareo-siliceous rock with ferruginous 
banding. Similar beds to these are found above Stoke Wood. In 
the extensive pits above Little Hilcote occur courses of the fine 
oolitic rock with ferruginous banding, sometimes interstratified 
with beds of sand. At the rabbit-warren above Great Hilcote, 
though no good faces of rock are exposed, the strata which 
constitute the lower part of the Inferior Oolite are seen to 
consist of yellowish-red, calcareo-ferruginous sand, with layers 
of fissile, iron-banded, calcareo-siliceous stone. These beds are 
undistinguishable in character from many portions of the North- 
ampton Sand, as seen in Oxfordshire and Northamptonshire. 

The whole of the strata hitherto described are admitted on all 
hands to be the northerly prolongation of the Pea Grit and 
Lower Freestones of the Inferior Oolite and to represent the 
Zone of Ammonites Murchisona^. That this is the c€ise is proved, 
not only by the fact that their beds can be followed continuously 
from the typical section of Leckhampton Hill to their develop- 
ment in the Northern Cotteswolds, but also by the interesting 
series of fossils characteristic of the horizon which they yield. Dr. 
Holl has suggested that these limestones may also include a 
representative of tlie Midford Sand, which as a distinct series of 
beds can only be obscurely and doubtfully recognised in the 
Northern Cotteswolds. It is certain that the great mass of ferru- 
ginous and often sandy limestones, forming the lower part of 
the Inferior Oolite in this district, contains Rhynchonella cyno- 
cephcday Rich, in its lower beds, as does also the Northampton 
Sand. It may, however, be doubted whether the presence of 
this single species, which is occasionally found above the Midford 
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Sand ill the Cheltenham area, can be considered as sufficient to 
establish the correlation in question. 

Crossing another area occupied by the Lias, that of the Vale Boeh on cast 
of Moreton, we arrive at other outliers of the Oolites capping a ^f^rftln^^^^ 
number of more or less isolated hills in the north of Oxfordshire, yide Sheet 45 
such asBrailes Hill, Mine Hill,Tysoe Hill, Shenlow Hill, Epwell gJ^^J^^^^ 
Hill, Long Hill, and the high grounds above Epwell, Sibford, 
and Whichford. The variable beds of limestones, sands, iron- 
stones, &€., which form these outliers have been classed with the 
Northampton Sand, and indeed they can be traced from this point 
northward and eastward almost continuously with that series of 
more or less ferruginous beds, which in the counties of Oxford 
Northampton, Rutland, and Lincoln are designated by that term 
and immediately overlie the Upper Lias Clay. 

Whether we study the mineral characters presented by these 
beds, or the series of fossils which they yield, we shall be con- 
vinced that the strata capping the hills on the western side of the 
Vale of Moreton are identical with those which form the outliers 
on the eastern side of that valley. No one who examines the 
sections presented in the two areas and compares the series of 
fossils obtained from them, can doubt that the beds called Inferior 
OoHte Freestone in North Gloucestershire once extended con- 
tinuously over what is now the Vale of Moreton into North 
Oxfordshire, where the portions of the same series now preserved 
are known as part of the Northampton Sand, Thus we are led 
to the conclusion that a part, at least, of the beds known as '^ North- 
ampton Sand'' represents the Zone of Ammonites Murchisonsa, 
that is the lowest portion of the Inferior Oolite, and possibly also 
the Midford Sand, or the strata which constitute a transition series 
between the Inferior Oolite and Upper Lias. 

On the opposite side of the Vale of Moreton to the Ebrington 
Outliers^ at a distance of only six miles, is situated Brailes Hill. 
Here we find, in the pits opened at the summit of the hill, a series 
of beds identical with those in Gloucestershire. In the upper 
part of the principal pit now open (1869) are seen beds of white 
oolitic freestone, but slightly siliceous, which by weathering 
assume a somewhat fissile character. Among these upper beds 
is a white, coarsely oolitic rock, graduating into a regular freestone 
undistinguishable from that of the Lower Freestones of Glouces- 
tershire ; in its upper part this bed becomes shelly and contains 
numerous Corals and fragments of Echinoderms. Below is an 
irregular bed of brown sand and good ironstone, presenting the 
usual features of the Northampton Sand. Beneath the sand and 
ironstone, a thickness of about 8 feet of calcareo-siliceous rock is 
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exposed, one bed near the bottom being crowded with si 
among which I recognised the following: — 

Cephalopoda. 

Belemnites giganteus, Schloth, 

„ ellipticus, Mill (Abundant) 
,, Aalensis, Ziet 

Ammonites Murchisonae, Soto. (Very large.) 
„ „ var. corrugatus, Saw. 

Gastebopoda. 
Nerinfiea sp. 

Lamellibranchiata Dimyarl^ 
Pboladomya spec. nov. (Very large.) 
Ceromya Bajociana, cfOrb. (Very fine.) 
Gresslya peregrina, Phil^ sp. 
Myacites sp. 
Cucullsea oblonga, Sow. 
Trigonia costata. Sow. 
Astarte elegans, Sow. 
„ minima^ Sow, 

Lamellibranchiata Monomtaria. 
Hinnites abjectus, Phil., sp. 
Pecten demissus, PAit 

,9 personatus , Munst. 

9, articulatus, Schloth, 

Eohinodermata. 
Pentacrinus Milleri, Aust, 

Zoantharia. 

Montlivaltia trochoides, Edw. 8f Haime. 
Latomeandra Davidsoni, Edw. ^ Haime. 
Thamnastraea Defranciana, Mich. 

Plants.. 

Wood. 

Less than two miles to the south-east of Brailes Hill, we find 

anothor outlier of the Oolite strata, capping the Upper Lias Clay 

at Mine Hill. In the several old pits on this hill^ calcareo- 

arenaceous beds are seen^ passing in places into ferruginous 



INTBOBUOTOBY ESSAY. 19 

sandstone and ironstone rock. In these pits the following fo&sils 
were collected : — 

Cephalopoda. 

Belemnites giganteus^ Schhth, 

9, ellipticus. Mill (Abundant) 

Lamellibbanghiata Dimyabia. 

Pholadomya fidicula. Sow, 

„ spec. nov. (Very fine.) 
Ceromya Bajociana, eT Orb. (Very large.) 
Gresslya peregrina, PhiL sp, 
Trigonia signata^ Aff. 

y^ costata, Sow, 
Cucullsea cucullata, Goldf. 

,9 oblonga^ Sow, 
Astarte minima^ Sow, 
Macrodon HirBonensis, cTArch, 
Modiola imbricata, Sow, 

Lamellibbanghiata Monomyabia. 

Fecten articulatus^ Schloth, 
,, personatus^ Miinst. 
„ demissus^ Phil, 

Bbachiopoda. 
Terebratula submaxillata, Mor. 

Annulosa. 

Serpula socialise Goldf. 
„ sp. 

Eghinodebmata. 
Pentacrinus sp. 

Zoanthabia. 
Montlivaltia sp. 

Plant-®. 
Wood. 

The most northemly of the outliers of " Northampton Sand ** 
on the east side of the Vale of Moreton are those of Shcnlow 
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Hili and Tysoe Mill Hill. At the former no section can be seen, 
but it is evidently capped by ferruginous sand, which in places 
passes into more or less calcareous flaggy beds. The bill on 
which Tysoe Mill stands/ however, yields an interesting section in 
a pit about 20 feet deep ; this exhibits the silicious limestones with 
ironstone bandings, in some places passing into loose calcareous 
sands, in others into the ordinary iron-ore of the Northampton 
Sand. At this place marine fossils appear to be rare in the 
beds, but fragments of wood and plant-remains are very abundant. 
The following species were obtained from the pit near Tysoe 
Mill:- 

Cephalopoda. 
Belemnites giganteus, Sehloth, 

Lamellibranchiata Dimyabia. 

Macrodon Hirsonensis, d!Arch, 
Astarte elegans. Sow, 
Trigonia compta ? Lye. 
Lucina Wrightii, Opp, 

Lamellibranchiata Monomyaria. 

Lima pectiniformis, Sehloth, 
Pecten demissus, Phil 

Brachiopoda. 
Terebratula submaxillata, Mor. 

In the long spur capped by Northampton Sand, which stretches 
northwards as far as Compton Winyate, we find many illustrations 
of the variable character of the beds which lie upon the Upper 
Lias Clay. Sometimes, as near White House Warren, white 
sands with numerous bands of carbonaceous matter occur; in 
some places these white sands are found passing into hard sand- 
rook, at others into ferruginous sand, and at others again, as near 
Broom Hill Farm, into cellular ironstone rock. 

At not a few points the sands* graduate, within very short 
distances, into a more or less fissile calcareo-siliceous rock traversed 
by hard ferruginous bands. The same rapid variations — so charac- 
teristic of the Northampton Sand throughout its whole range — 
from arenaceous to more or less ferruginous and calcareous 
rocks, is seen in the numerous outliers to the east of this spur, 
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one of which, Epwell Hill, rises to an elevation of 836 feet, and 
constitutes the highest point in the county of Ozibrd. 

Tracing the same beds to the southwards, we find in the outlier 
above Whichford and Long Compton, thick beds of white free- 
stone underlaid by sands; beneath these occur beds of the 
calcareo-siliceous stone with but few well preserved fossils. The 
succession of beds here is evidently the same as at the other 
points yve have noticed, both on the east and west side of the Vale 
of Moreton. Near Long Compton a specimen of Ammonites 
Garantianusj d'Orb., was obtained from the Northampton 
Sand. 

Near Hotley Hill Farm, a mile and a half north-west of the 
village of Hook-Norton (or Hogs-Norton) there are several very 
interesting sections in the Northampton Sand. In the higher of 
these is seen a whitish, oolitic, siliceo-calcareous rock (like that 
which forms so large a part of the formation to the north of 
Northampton) with bands of brown hsematite in many of the 
beds. In this upper part of the series, which is well exposed in a 
pit above the farm-house, we find scarcely any marine fossils, but 
fragments of wood are especially abundant. Lower down the 
hill, however, and just above the junction of the Northampton 
Sand with the Upper Lias Clay, we find in another pit the base 
of the series ; this is seen to consist of beds precisely similar in 
mineral character to those of the upper pit, but which yield large 
numbers of marine fossils, including many corals. In this section 
there are bands almost wholly made up of oyster-shells and a 
bed of stone exhibiting borings of Lithodomtis. 

The following fossils have been collected from this pit by 
Mr. Richard Gibbs, the former fossil-collector of the Survey, and 
myself; they clearly show that this part of the Northampton 
Sand is referable to the Inferior Oolite, and to its lower part, the 
zone of Ammonites Murchisonse : — 

Cephalopoda. 

Ammonites MurchisonsB, Sow. 

„ „ var. oorrugatus, Soto, 

Belemnites Aalensis, Ziet 
„ ellipticus, Mill. 

Nautilus, spec. nov. (Very large.) 

Gasteropoda. 

Fleurotomaria omata, Ziet 
Natica sp, 
Nerinaea sp. 
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Lamellibranchiata Dimyaria. 

Pholadomya fidicula. Sow. 
„ oyulum^ Aff. 

„ Zieteni, Aff, 

„ Herauiti, Aff, 

„ . spec. nov. (Very large.) 
Gresslya latirostris^ Aff, 

„ peregrina, PAi7., sp. 
Ceromya Bajociana, cTOrb. 
Cypricardia sp. 
Isocardia cordata, Buckm. 
Trigonia costata, Saw. 
„ signata, Aff. 
„ pullus. Sow. 
9, producta^ Lye. 
„ spec. 
Cucullsea oblonga^ Sow. 
Lucina Wrightii, Oppel 
Modiola Lonsdalei^ Lye. jf Mor. 
„ Leckenbyi^ Lye. §• Mor. 

Lamellibbanchiata Monomyaria. 

Pinna cuneata, Phil 

„ sp. 
Lima pectiniformis, Schoth. 

„ punctata, Sow. 

„ cardiiformis, Lye. §• Mar. 
Gervillia Hartmanni, Goldf. 

„ lata, Phil. 
Hinnites abjectus, PAi7., sp. 
Pecten articulatus^ SeJioth. 

ff demissuB, Phil, 

„ lens, Sow. 
Ostrea flabelloides. Lam. (0. Marshii, Sow.) 

„ Sowerbyi, Lye. 8f Mor. 

Beachiopoda. 

Bhynchonella sp. 
Terebratula globata, Sow. 

iy submaxillata, Mor. 

^ sp. 
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POLYZOA. 

Berenicea (sp.) on Terebratula» 

ZOANTHABIA. 

Isastrsa Biohardsoni, Hdw, jf Hcdme. 
Montlivaltia trochoides, Edto, jf Haime. 
Thamnastrsoa Terquemi^ Edw, jf Haime. 
Thecosmilia gregaria, MCoy. 

Plants. 
Wood (abundant). 

Ab we pass eastward from the localities particularly described 
above^ we find many opportunities for studying the very variable 
strata of the Northampton Sand ; these consist in some places of 
white nnfossiliferous sands^ in others^ of red sandstone graduating 
into ironstone^ and, in not a few localities, pass into beds of 
generally fissile, calcareo-siliceous rock ; in this latter condition 
they are seen at many points about Sibford-Ferris and Sibford- 
Gower, Great Tew, and Milcomb Hill, and also in the neigh- 
bourhood of Hook-Norton and Great RoUwright (or RoUreich). 
The fossiliferous beds appear to occur towards the base of the 
Northampton Sand series, but are by no means constantly present; 
the fossils which they yield are always those of the 2iOne of 
Ammonites Murchisonsa of the Inferior Oolite. 

At several pits in the vicinity of Sibford and Hook-Norton the 
following fossils have been collected in the impure siliceous lime- 
stones of the Northampton Sand : — 

CephalopodAi 

Ammonites Murchisons, Sow^ 

,, corrugatus, Sow. 
Belemnites Aalensis, Ziet 

„ ellipticus. Mitt. 
Nautilus, spec, nov, (Very large.) 

Gastbbopoda. 

Cerithium limseforme, Rom. 

Natica sp, 

Patella cingulata, Gold/. 

Lamellibbanghiata Dimyabia. 

Pholadomya fidicula. Sow. 
Ceromya Bajociana, fOrb, 
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Gresslya peregrina^ FhiL, sp. 

jf abducta, Phil, sp. 

,, latirostris, Aff. 
Myacites asquatus, Phil, sp. 

,, dilatatus, Phil, sp. 

if compressiusculus^ Lye. 
Arcomya sp. 

Gh>niomya angulifera^ Sow. 
Isocardia cordata, Buchm. 
Unicardium gibboaum^ Lye 
Tancredia axiniformis, Phil, sp. 
Cyprina dolabra^ Phil 
Trigonia signata, Ag, 

„ v-costata. Lye. 

„ costata. Park. 

„ pullus. Sow. 
Lucina Wrightii, 0pp. 
Astarte elegans. Sow. 
Macrodon Hirsonensis, D^Arch. 
Cucullsea oblonga. Sow. 
Modiola Sowerbyana^ D^Orb. 

Lamelljbranghiata Monomyaria. 

Lima peotiniformis, Sehloih. 

Pinna cuneata, Phil, sp. 

GerviUia pnelonga^ Lye. 

Hinnites abjectas^ Phil 

Pecten personatus, Munst. 
y, demissus^ Phil 
yy articulatus, Schloth. 
„ sp'. 

Grypba^a sp. 

Ostrea acuminata^ Sow. 
,, Marshii, Sow. var. 

BfiACniOPODA. 

Bhynchonella sp. 
Terebratula siibmaxillata, Mor. 

„ globata. Sow. 

J, perovalis, Sotd. 

ZOANTHABIA. 

Montlivaltia trocboides, JSdw. Sf Haime. 
Isastraea Richardsoni, Edw. jf Haime. 
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As we pass eastwards, the Northampton Sand is found to con- 
tain fewer beds of a calcareous character and to be more usually 
made up of loose white sand and sandrock, graduating in many 
places into ironstone ; these strata yield numerous plant remains, 
but contain scarcely a trace of marine fossils. Occasionally, 
however, as near Milcomb, they are seen passing into a shelly 
calcareous rock which yields similar series of fossils to those 
already quoted. About a mile north-west of Deddington, in the 
parishes of Barford St. John and Barford St. Michael, there are 
two small outliers which have been preserved, in consequence of the 
Inferior Oolite having been let down by faults. In these the lower 
beds of the Inferior Oolite exhibit evidence of a local, but remark- 
able and highly interesting, recurrence of conditions, very similar 
to those which must have prevailed during the deposition of the 
beds of this age in their typical development in the Cotteswold 
area. 

In the small outlier north of the River Swere (Combe Hill) we 
find about 15 feet of white oolitic limestone, some of the beds being 
very shelly. The rock, which here shows considerable signs 
of disturbance, consists of a number of courses, each from 
18 inches to 2 feet in thickness, separated by marly partings. 
Fossils are extremely abundant in these beds, but are generally 
very difficult of extraction. The following species have been 
found at this place by Mr. Beesley of Banbury, Mr. Bichard 
Gibbs, and myself: — 

Fossils from Combe Hilly near Deddington, Oxfordshire. 

Cephalopoda. 

Ammonites Murchisonse, Sow. 
Belemtiites ellipticus, Mill 
Nautilus spec. nov. (Very large.) 

Gasteropoda. 

Natica Leckhamptonensis, Lye. 
Patella rugosa, Sow. 
Pleurotomaria ornata, Defr. 

Trochus sp. 

Cerithium limaaforme, Rom. 
Nerintea Jonesii, Lye. 
Phasianella striata, Sow. 
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LaMELLIBRANGHIATA DiM7ABIA. 

Area Pratti, Lye. 8f Mor. 

„ sp. 
Myoconcha crassa. Sow, 
Mytilus lunularis, Lye. 

„ imbricatus. Sow. 
Modiola aspera^ Sow, 
Macrodou Hirsonensis, ePArch, ^ 
Astarte elegans, Sow. 
Trigonia pullus, Sow. 

y, Beesleyana, Lye, 
Lucina Wrightii, 0pp. 



Lamellibbanohiata Monomyabia. 

Lima cardiiforims. Lye. §• Mor. 
„ pectinirormis, Sehloth. 
„ Rodburgensis, Lye. MS. 
„ spec. nov. (Very large.) 
„ sp. 
Pecten demissus, Phil 
„ lens^ Sow, 
„ yimineus, Sow. 
„ articulatus, Sehloth. 
yy annulatuS) Sow. 
yy personatus^ Milnst 
Hinnites abjectus, Phil, sp. 
Perna rugosa var. quadrata, Mor. 8f Lye. 
Gervillia pernoides, Desl 
Harpax sp. 

Ostrea flabelloides^ Lam. (O. Marshii, Sow.) 
«• •• var. 



Bbaohiopoda. 

Terebratula globata, Sow. 
„ perovalis, Sow, 
„ Phillipsii, Mor. 
„ submaxillata, Mor. 
,y fimbria. Sow. 
„ plicata, Buehm, 
Rhynchonella sp. 
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Annulosa. 



Serpula socialise Goldf. . 
„ convoluta, Goldf, 
„ sp. 

EOHINODEBMATA. 

Pentacrinus Milleri, Aust 

POLTZOA. 

Spiropora (Cricopora) straminea, Phil sp. 

ZOANTHARIA. 

Tbamnastrssa Defranciana, Mich, 
„ sp. 

• Montlivaltia trochoides, Edto. jf Haime, 
,9 Delabechiiy Edw. jf Haime. 

Cladophyllia sp. 

On the south side of the River Swere^ at a place known as 
Blackingrove, we find a pit opened in beds of stone similar to that 
on the other side of the river at Combe Hill ; as we go lower in 
the series, however, the oolitic limestones are seen passing down 
into beds of a more siliceous and shelly character, and finally into 
the hard siliceo-calcareous rock, which occurs so commonly in the 
Northampton Sand. The whole of these beds are crowded with 
shells which have been collected both by the late Mr. Faulkner, 
of Deddington, and the oificers of the Geological Survey; thus 
we have been made acquainted with a very large and interesting 
fauna from this locality, which enables us to refer the beds with- 
out doubt to the base of the Inferior Oolite. The strata repre- 
senting the Northampton Sand here, as at many other places, 
contain numerous rounded pebbles of argillaceous limestone ; it 
is in places banded with brown oxide of iron in its lower part, 
and rests directly upon the Upper Lias Clay. 

The fossils which have been collected at Blackingrove in the 
sandy limestone of the Northampton Sand are as follows : — 

Fossihfrom Blackingrove^ near Deddington^ Oxfordshire. 

Pisces. 
Stropbodus magnus, Ag, 

Cephalopoda. 

Ammonites MurchisonsB, Sow. 

„ „ van corrugatus, Saw. 
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Ammonites Murchisonsa var. sublsevis^ Sow. 

„ sp. 

Belemnites giganteus, Schloth. 

,, elliptious, Mill. 

Nautilus spec, no V. (Very large.) 

Gastebofoda. 
Patella rugosa^ Sow. 
Pleurotomaria sp. 
Natica Leckhamptonensis, Lye. 

„ cincta, Phil. 
Turbo sp. 

Trochotoma calix, Phil. 
Cbemnitzia sp. 
Cerithium sp. 
Nerinaea sp. 

Lamellibranohiata Dimtabia. 

Pholadomya fidicula, Saw. 

„ spec nov. (Very large.) 

Gresslya peregrina, Phil, sp. 
Cardium Buckmani, Lye. 8f Mor. 

„ sp. 
Cucullsea cucullata, Munst 
Astarte elegans, Sow. 
Trigonia costata, Sow. 

,9 Beesleyana, Lye. 
Mytilus lunularis, Lye. 
Modiola imbricata, Sow. 

Lamellibbanghiata Monomtabia. 

Lima pectiniformis, Schloth. 

„ cardiiformis. Lye, 8f Mar. 

,y rigida, Sow. 

„ spec. nov. (Very large.) 

„ spec. nov. 
Avicula sp. 

Pteroperna plana. Lye. §• Mor. * 

Perna rugosa, var. quadraia, Lye. §• HJor. 
Pinna cuneata, Phil. 
Gt?rvillia sp. 
Placunopsis sp. 
Hinnites abjectus, Phil, sp. 
Pecten. lens, Sow. 
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Pecten personatus, Munst 
Ostrea flabelloides^ Lam, (O. Marshii, Sow) 
9y sp. 

Braghiopoda. 

Terebratula perovalis. Sow, 

„ snbmaxillata, Mor. 
Khynchonelia sp. 

Annulosa. 

Serpula socialis, Goldf. 
„ sp. 

Eghikodebmata. 

Clypeus Plotii, Klein. 

^ „ van altus, M^Coy. 

Pygasier semisulcatus, JPAi7., sp. 
Hyboclypus agariciformis, Forbes, 
Stomechinus germinans, Phil, sp. 
Pseudodiadema depressa> Ag. sp. 
Acrosalenia (spines). 
Pentacrinus Milleri^ Aust, 

ZOANTHARIA. 

Montlivaltia trochoides, Edw, 8f Haime. 

Over a considerable area in the neighbourhood of Banbury 
the Lower Oolites have been almost wholly removed by denuda- 
tion ; but we nevertheless get evidence at a few points^ of the 
occurrence of calcareous and shelly beds in the Northampton 
Sand series. The fossils which these yield agree for the most 
part with those of the preceding lists, and prove that the lower 
portion of the Northampton Sand in this area also belongs to 
the Zone of Ammonites Murchisonse or the base of the Inferior 
Oolite. 
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Northampifm We have seen how the shelly limeBtones of the Inferior Oolite, as 
Souih Midland t^^y are traced northwards and eastwards, assume sandy characters 
district and exhibit evidence of having been deposited under more littoral 

conditions, but that, nevertheless, the series of fossils collected at 
a number of different points place the age of the beds beyond 
question. It has been shown by the Geological Survey that the 
Lower Zone of the Great Oolite, which includes the Stonesfield 
Slate, is found to undergo precisely similar changes when it is 
followed in the same direction. Thus the two series of sandy beds, 
representing the attenuated, littoral, and sometimes estuarine con- 
ditions of the lower parts of the Great and Inferior Oolite respec- 
tively, are brought together. The higher parts of this mass of are- 
naceous strata are unfortunately almost always unfossiliferous, and 
it is found impracticiA)le in the Oxfordshire area, except at a few 
widely-distant points, to separate that portion of them which 
belongs to the Great Oolite, from that which is included in the 
Inferior. Indeed, although the sandy beds at the top of the Lias 
never disappear altogether, they are at some points, as near 
Towcester, reduced to only a few inches in thickness. It has 
consequently been found impracticable in this district to draw 
a line of boundary between the representatives of the Great and 
Inferior Oolite. Thus it has arisen that under the term 
*^ Northampton Sand ** are included, in North Oxfordshire and 
South Northamptonshire, the whole mass of variable sandy strata, 
(passing at some points into imperfect ironstones, and at others 
into impure limestones,) which intervene between the Upper 
Lias Clay and the marly limestones of the Upper 2k)ne of the 
Great Oolite. At a few points in the south of Northamptonshire 
we find the Northampton Sand passing locally into a calcareous 
rock, as at Thorpe Mandeville, Stowe, &c., but in the northern 
part of the county, especially in the neighbourhood of Northamp- 
ton, Pitsford, Moulton, Sywell, Brixworth, Lamport, Wold, 
Braughton, &c., it is frequently represented by thick masses of 
more or less shelly, oolitic, siliceo-calcareous rock, of the kind so 
frequently alluded to in the description of the country to the south. 
At Duston a thin bed of this siliceo-calcareous rock, in the midst 
of the Northampton Sand series, exhibits such a fissile character 
that it was formerly largely dug and used for roofing purposes 
under the name of " the Duston Slate." At a spot one mile and 
a half north-east of Draughton, calcareous beds occur in 
the Northampton Sand of sufficient purity to be burned for 
lime. To the northwards, although the beds of this forma- 
tion often become very shelly and highly calcareous, they 
do not, except at a few points, pass into the remarkable fissile 
oolitic rock so frequently alluded to. The places at which 
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calcareous beds are developed to a considerable extent in the 
Northampton Sand series are indicated by the sign CALC. upon 
the maps of the Geological Survey. 

We have further seen how remarkably the beds of the Inferior 
Oolite and the Lower Zone of the Great Oolite become rapidly 
attenuated as we pass northwards and eastwards^so that the strata 
representing these formations which^ in the Cotteswold Hills, 
attain a thickness of about 300 feet, are reduced in a distance of 
30 to 40 miles to the few inches of irregularly ferruginous sandy 
rock ; these, in some parts of South Northamptonshire, alone 
separate the Upper Lias Clay from the white, marly limestones, 
forming the Upper 2k>ne of the Great Oolite. It is probable that at 
some points the extremely variable beds, constituting the Northamp- 
ton Sand, thin out altogether, and that the higher beds of the Great 
Oolite series lie directly upon the Lias* Over considerable tracts 
it has been found impracticable by the Greological Surveyors to 
represent the Northampton Sand at all on the maps, so thin and 
inconstant are its representatives. The diminution in thickness 
of the lower beds of the Oolite series is attended with changes 
not less striking and remarkable in their mineral characters ; the 
massive marine limestones of the south-western area being replaced 
by the variable sandy, usually littoral, and sometimes estuarine 
deposits of the South Midland districts. 



While the changes above described take place in the Inferior ^vi?^ o^d 
Oolite and the lower part of the Great Oolite, it is interesting to rine Series. 
notice the relative constancy of the characters presented by the 
formations, which respectively underlie and succeed this variable 
series of beds, in the district in question. The Upper Zone of the 
Great Oolite and the Combrash are remarkably persistent in 
character over the whole of the district, and apparently do not 
undergo any very marked variations in thickness. The Forest 
^larble, on the other hand, which lies between these two divisions, 
presents us with a series of changes on a small scale^ parallel with 
those of the oldest beds of the Lower Oolite. The very variable 
shelly limestones, sands, and clays of the Forest Marble become 
rapidly reduced in thickness as we pass northwards and eastwards. 
In North Oxfordshire, as shown by Professor Phillips, they some- 
times assume estuarine[characters, while still further northwards this 
formation is of such insignificant thickness and inconstant characters 
that its outcrop could no longer be represented on the Survey maps. 
In the North Midland district beds of clay, which, lying as they 

C 2 
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do, between the limestone series of the Cornbrash and the Upper 
Zone of the Great Oolite, may be fairly assumed to be the 
approximate equivalent of the Forest Marble, assume sufficient 
thickness and importance to be represented on the maps; to 
these beds the name of " Great Oolite Clays " has been given. 

The Midford Sand, which underlies the Inferior Oolite series, 
either thins out altogether in the northern spiers and outliers of 
the Cotteswolds, or its attenuated representative is lost in the 
Northampton Sand. The thickness of the Upper Lias Clay is 
at places in North Oxfordshire reduced to about 30 feet, and 
the Middle and Lower Lias are also probably of considerably 
less thickness in the South Midland area than in the country to 
the north and south of it respectively. 

Professor Hull has shown in how remarkable a manner the beds 
of the Jurassic series are reduced in thickness as we pass to the 
south and east, so that the Inferior Oolite, Upper Lias, and 
Middle Lias, which at Leckhampton Hill measure severally 
about 300, 200, and 115 feet, are near Burford reduced to 20, 20, 
and to 24 feet, and near Ascott to 10, 6, and 10 feet respectively. 

In North Northamptonshire the variable beds of the North- 
ampton Sand rapidly increase in thickness, so that in the neigh- 
bourhood of Northampton, where their palasontological and general 
characters have been perseveringly and successfully studied by 
Mr. Sharp, they exhibit their maximum development, and attain a 
thickness of more than 70 feet. Here it is possible to draw a 
line of demarcation between the beds of the formation which 
represent the Great and the Inferior Oolite respectively. The 
upper strata consist of clays of a more or less sandy character, 
which occasionally exhibit such alternations of beds containing 
fresh water and marine species of fossils, with old terrestrial 
surfaces, &c. as to prove them to be of estuarine origin. These 
beds have been separately mapped by the Geological Surveyors 
since the year 1867 under the name of the ^' Upper Estuarine 
Series ;" and, as will be shown in a later chapter of this memoir, 
they acquire a considerable development and present very interest- 
ing features arid relations in the country to the northwards. The 
lower part of the Northampton Sand (to which the name is here 
more strictly confined) in the Northampton district, consists in 
its upper part of sands with inconstant beds of clay ; these beds 
are usually unfossiliferous, but occasionally exhibit the same 
evidence of the alternation of marine, freshwater, and terrestrial 
conditions as the beds above, and they have been accordingly 
called the "Lower Estuarine Series." The base of the North- 
ampton Sand is composed of marine beds yielding at a few 
points a most interesting fauna, which is unmistakeably that 
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of the Zone of Ammonites Murchisonas ; unfortunately the great 
majori^ of the fossils of these beds are preserved only in 
the condition of surface casts and internal moulds. Sometimes 
the whole thickness of the Northampton Sand is made up of 
white sands with occasional beds of clay ; at many points it passes 
into an oolitic, siliceo-calcareous rock; but in the majority of 
instances a greater or less portion of its mass, usually towards its 
lower part, is converted into a solid bluish or greenish ironstone 
rock of oolitic structure, exactly resembling many parts of the 
Dogger and Middle Lias ironstones of Yorkshire ; this rock, by 
weathering action set up from its joint planes, assumes a brown 
colour and a banded or cellular structure of a very peculiar and 
striking character. 



Wherever the junction of the Upper and Lower Estuarine Appearance of 
Series can be examined there are seen to be proofs of an uncon- ^i^^i^^, 
formity between them. The bottom bed of the Upper Estuarine coinehire 
Series, whenever this formation is distinctly developed, is found to 
be a band of ironstone nodules, and these always rest on an eroded 
surface of the Northampton Sand beds beneath. As an example, 
among many which might be cited, of the appearance presented by 
the junction of these two series of beds, the sketch on page 34, 
of a pit near the Bace-course at Northampton is given. Here we 
have, in the lower part of the pit, beds of well stratified white 
sand with vertical plant markings and sandrock (the latter 
quarried as a building stone), passing downwards into a dark 
brown sandstone with a very thin representative of the North- 
amptonshire ironstone at its base. On the eroded surface of 
these beds lies the light-blue, and often highly carbonaceous, clays 
of the Upper Estuarine Series, with the very constant layer of 
nodules (" ironstone junction-band ") at its base. (Fig. 1, p. 34.) 

Bearing in mind the existence of an uncomformity between 
these two series of estuarine beds, we are not surprised to find 
that, in the country to the north, a thick series of beds (the Lincoln- 
shire Oolite) comes in like a great wedge between them. Thus 
in the northern part of the county of Northampton, along the 
valley of the Nene, the succession of beds is the same as that 
which we have already pointed out as presented in the neigh- 
bourhood of Northampton, while along the valley of the Weliand 
and in the country to the westward and northward we have 
the same series of beds, with the addition of a new forma- 
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Paiteontolo- 
yical and 
Physical evi- 
dences of age. 



Unconformity 
between Great 
and Inferior 
Oolite, 



tion, to which the Geological Survey has given the name of *^ the 
Lincolnshire Oolite Limestone/' See Table on page 35. 

These facts with regard to the relations of the great series of 
limestones of Lincolnshire and the adjoining counties were first 
made out during the survey of the area in 1867, and a nomen-' 
clature and grouping of the beds adopted in accordance with 
ihem. They have since been illustrated in great detail in a paper 
on the Lincolnshire Oolite by my friend Mr. Sharp,* who on 
these questions ims been led by his own studies to adopt in their 
entirety, the views put forward in the maps and other publications 
of the Geological Survey. 

The two horizontal diagram sections (Plate II.) will serve to 
illustrate clearly, the manner in which the beds of the Lincoln- 
shire Limestone make their appearance in the midst of the Lower 
Oolite series and rapidly acquire preponderating thickness and 
importance in it. 

That the Lincolnshire Limestone was of Inferior rather than 
Great Oolite age has been suspected, as we have already seen, by 
many authors, and may now be considered as generally adopted by 
geologists. If any doubts were still entertained on the subject it 
would only be necessary to point to the overwMielming palseon- 
tological evidence on tlie subject, which has been published by 
Mr. Sharp in his valuable paper, together with the tables, drawn 
up by Mr. Etheridge from Mr. Sharp's and the Survey collections, 
and appended to the present memoir. The not less conclusive 
physical evidences afforded by the unconformable relation of the 
beds representing the Lower Zone of the Great Oolite with the 
limestones below, ivhich were first made manifest during the 
mapping of the area, are now illustrated and explained in this 
essay. 

We have seen how the Upper Estuarine Clays, forming the 
base of the Great Oolite series, usually rest on an eroded surface 
of the Northampton Sand. The same phenomenon is presented 
by the junction of the former beds with the Lincolnshire Lime- 
stone. Further — at some points, as for example the Ketton 
Quarries, the upper surface of the Lincolnshire Oolite is seen to 
be not only waterworn and denuded, but to have been bored by 
Lithodomi before the deposition of the beds of the Great Oolite series. 

But there exist sections which show in a much more marked 
and striking manner the interval that must have elapsed between 
the deposition of the Lincolnshire Limestone and the commence- 
ment of the Great Oolite period. In openings near the north 
end of the village of Weekley (Fig. 2), and at Old Head Wood 



♦ Quart. Joiirn. Gcol. Soc. vol. xxix. (1878), p. 225. 
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(Fig. 3), both localities a few miles north-east of Kettering, 
we have the most complete evidence that the Inferior Oolite beds 

Figure 3. Section at Old Head Wood, Northamptonshire, 




a. Soil, &c. 

b. Gravelly drift. 

c. Liffht-blue, estuarine clays. 

d. Wnite, marly clays. 

e. Ironstone junction-band. 

/. Soft, much-jointed oolite rock. 
g. Haider, oolitic rock. 



> Upper Estuarine Series. 



> Lincolnshire Limestone. 



of the area were disturbed, upheaved, and denuded, and that on 
their truncated edges the strata of the Great Oolite were laid 
down, with consequently unconformable relations to them. Indeed, 
there is every reason to believe that at Weekley a small fault 
traverses the Inferior Oolite strata, but does not affect the Great 
Oolite beds above ; so that this fracture must have been produced 
in the interval between the deposition of these two series of beds. 
In mapping the small inliers of Inferior Oolite at Brigstock Parks 
and between Little-Oakley and Stanion, I met with numerous 
evidences of the fact, that the lower series of beds underwent 
considerable disturbance and denudation before the deposition 
upon it of the younger series of strata. 



Age of Lin- 

colmhire 

Oolite. 



We are now met by the problem of the exact age of the 
several beds representing the Inferior Oolite in the Midland 
district. The fauna of the Northampton Sand, as already pointed 
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out; is that of the Zone of Ammonites Mnrchisonse. Possibly 
its lowest beds may in some localities represent the Midford Sand, 
but the existence of RhynchoneUa cynocepkaloj Rich.^ and some 
other Brachiopods cannot, as we have seen, be regarded as con- 
clusive upon the subject. It is true that specimens of Ammonites 
bifronsy Bmg.^ have been collected in the lowest stratum of the 
Northampton Sand near Northampton ; but the bed which yielded 
the% specimens contains numerous pebbles of argillaceous lime- 
stone, and I have found that the chambers of the Ammonites in 
question are filled with a similar material, and not with the sandy 
ferruginous rock of the matrix; moreover, there is still con- 
siderable doubt among palaeontologists whether the species in 
question has ever been obtained above the Upper Lias Clay. I 
cannot, therefore, help regarding these specimens of Ammonites 
Infronsy Brug., as having been derived^ with the associated pebbles, 
from the septaria of the latter formation, ^which, in many districts, 
shows signs of having undergone denudation prior to the deposi- 
tion of the Inferior Oolite upon it. This is especially the case, 
as might be anticipated, when no representative of the Midford 
Sand is present ; and we must, therefore, regard it as still very 
doubtful whether any equivalent of the last-mentioned beds 
exists in the Midland district. 

The researches of several German geologists, especially those Zone of An 
of Dr. Waagen,* have shown that the higher beds of the Zone of 5^er6yi. 
Ammonites Murchisonse, which Dr. Oppel regarded as constituting 
a district sub-zone, and to which he applied the name of the Zone 
of Ammonites Sowerbyi, in some districts acquires a great develop- 
ment and very distinct characters. If this zone be represented 
at all in the Cotteswold area, it is probably the insignificant and 
inconstant Oolite Marl or Fimbria Bed which, as suggested by 
Dr. Waagen himself, must be regarded as its equivalent. But 
in the Lincolnshire Limestone we appear to have a magnificent 
local development of the beds of this horizon in the Midland 
district. That this is really the case is proved, not only by the 
marked absence of numerous forms which are, as shown by Dr. 
Oppel and Dr. Wright, highly characteristic of the upper portions 
of the Inferior Oolite (namely, the zones of Ammonites Parkinsoni 
and Ammonites Homphresianus), but by the presence of a number 
of very interesting species which have been shown by the German 
palssontologists to be especially characteristic of this horizon, such 
as the Ammonites Sowerbyi^ Mill, Ammonites pofyacanthus, Waagen, 

* Der Jura in Franken, Schwaben und der Schweitz veigleichen nach seinen 
palflBontologischeii Horizonten, von W. Waagen (Munich, 1864). Ueber die Zone des 
Ammonites Sowerbyi, Ton Dr. W. Waagen (Beneckc, Gkognostische-paleontolog^he 
BeitrSge, Enter Band, p. 507, Munich, 1867). 



40 GEOLOGY OF RUTLAND, &C. 

several peculiar varieties of Ammonites MurchisoruBy Sow. (to 
which distinct names have beeii applied in Germany), Belemnites 
brevispinatus, Waagen, Pecten aratvs^ Waagen^ and some otiier 
forms, which may be regarded either as new species or as distinct 
varieties, characteristic of this horizon. 
Formations We are thus led to see the significance of the unconformity 

which has been shown to exist in the Midland district between the 
Great Oolite series and the beds of the Lincolnshire Limestone ; 
for in this area, strata representing the Fuller's Earth and the 
Ragstones and Upper Freestones of the Inferior Oolite (2k)ne3 of 
Ammonites Parkinsoni and Ammonites Humphresianus) appear 
to be wholly wanting. 

It is true that a considerable number of species pass from the 
Lincolnshire Oolite to the Great Oolite, but the differences between 
the faunas of these two series are at least as great as exist 
between those of the Coralline Crag and of the deposits now taking 
place in the adjacent sea. The signs of unconformity between 
the two series of Jurassic deposits, which we have pointed out in 
this memoir, need not awaken greater surprise among geologists 
than the proofs of considerable disturbance and denudation 
which are so frequently found in deposits of Pliocene age, and 
the unconformity which, must necessarily exist between these 
rocks and such as are now in course of formation. 



Changes in the When WO trace the beds of the Lias northwards, we find them 
tas strata, ^^ undergo changes in mineralogical composition and thickness, 
not less considerable in degree nor less striking in character than 
those which we have described as occurring in the case of the 
Lower Oolites. Unfortunately, however, owing to the paucity of 
sections in the argillaceous strata of the former series and the 
extent to which they are covered with drift, it is found to be 
much more difficult, than in the case of the latter, to trace the 
variations which take place in the beds representing its several 
zones. 

nhatic beds. The junction of the Lias and Keuper is almost everywhere 
concealed by drift ; but, wherever an opportunity of observini* it 
occurs, the Rhaetic beds are seen. They appear to exhibit, 
almost everywhere, very similar mineral characters, but to vary 
very greatly in thickness; and alihough there are such consider- 
able areas in the Midland district, within the limits of which they 
have not yet been detected, yet, as no section has been observed 
in which they are undoubtedly absent, we may for the present 
conclude that their outcrop is continuous across England. I am 
familiar with a number of exposures of the Bhsetic beds in North, 



INTRODUCTORY ESSAY. 41 

Mid-, and South Lincolnshire and-also in Nottinghamshire; but 
to the southwards they have onlj been detected in outliers until 
we come to Warwickshire. 

The two series of ^' Fish and Insect Beds/' at the base of the '*Pish and 
Lower and Upper Lias respectively, first delected, and since so ^^* ' 

admirably illustrated, by the Rev. P. B. Brodie, appear to stretch 
continuously from the south-east of England quite into Yorkshire ; 
and everywhere these strata yield, in greater or less abundance, 
their characteristic and remarkably interesting fossils. 

The fine-grained argillaceous limeatones, constituting the Zone 
of Ammonites planorbis, with the accompanying Oyster-beds, also 
appear to be continuous throughout the Midland district, and are 
present in South Yorkshire. They are worked at many points 
for burning into hydraulic lime; and, in the sections exposed, the 
beds, while preserving great constancy in mineralogical character, 
are seen to present considerable variation in their order of suc- 
cession and thickness. 

llie interesting strata of the Zone of Ammonites angulatus are 
still more variable in character. At Barrow-on-Soar this division 
of the Lias is represented by only 12 feet of blue clays, with 
Ammonites and other fossils preserved in pyrites. Northwards 
it increases greatly in thickness, and beds of stone* containing 
numerous fossils are found alternating with the clays. In Mid- 
Lincolnshire the beds representing this zone are of great thick- 
ness, and at one point have yielded Mr. R. Tate * a very interesting 
series of characteristic fossils. In North Lincolnshire I have 
traced the beds gradually diminishing in thickness, and in South 
Yorkshire they are, like all the divisions of the Jurassic series, 
reduced to comparatively insignificant proportions. Their cha- 
racters and fossils in this district have been descril)ed by the 
Rev. J. Blake.t 

As noticed by Professor Phillips, the great series of alternating 
limestones and clays constituting the ^' Lima-" or '' Bucklandi-beds " 
of paleontologists are generally very feebly represented in the Mid- 
land districts ; beds of clay, often of insignificant thickness, with 
scattered shells of Gryphaa arcuata^ Lam. (G. incurvaj Sow.), 
in this district take the place of the great oyster-banks made up of 
shells of that species which occur in the South of England. 
Pacing northwards into Lincolnshire we find the normal condition 
of these beds reappearing and the series gradually increasing in 
thickness, till in the northern part of the county we observe in the 
Froddingham Cutting of the Manchester, Sheffield, and Lincoln- 

* Quart Journ. Geol. Soc, Vol xxiii. (1867), p. 805. 
t Quart. Journ. Geol. Soc, Vol. xxviii. (1872), p. 133. 
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shire Bailway'one of the finest illustrations of the typical characters 
presented by the beds on this horizon. Here we see a thickness 
of probably not less than 600 feet of alternating limestones and 
shales, yielding in the greatest abundance the characteristic fossils 
of the Zone of Ammonites Bucklandi. Still farther noithwards, 
in South Yorkshire, these beds thin away, and within a remarkably 
short distance are reduced to the most insignificant proportions. 



Zone of Am- The upper part of the great series just noticed was separated 
"fl^?* **^*" by Dr. Oppel as a sub-zone, under the name of the Zone of 
Ammonites geometricus, and the study of the Lias of the Midland 
district demonstrates what good grounds exist for this distinction. 
The Ammonites geometricus of Dr. Oppel is quite distinct from 
Phillips' species of that name, which is the Ammonites spinatus 
of Bruguiere ; Oppel's species on the other hand appears to be 
identical with that known in this country as the Ammonites semi- 
coatatus of Youbg and Bird, and is so accepted by Dumortier and 
other palasontologists. In the South of England and at certain 
points in the South Midland district there are to be found sections 
in which a rudiment of this zcme may be traced ; but it is not until 
we reach the neighbourhood of Grantham that it acquires any im- 
portant development. In the country about Redmile, Barkston, 
and Plungar beds of slightly ferruginous stone, which make a 
distinctly marked escarpment rising above the Lias plains^ and have 
been very constantly mistaken for the Marlstone Bock-bed, clearly 
belong to the Zone of Anunonites semicostatus, and have yielded 
a very interesting fauna. The succession of beds here is illustrated 
in the accompanying diagrammatic section (Fig, 4). The fossils 
collected from the beds of the Zone of Ammonites semicostatus are 
recorded in the following list : — 

Fossils from the hard ferruginous beds in the Lower Lias (Zone 
of Ammonites semicostatus) Redmile, 8fc., Vale of Belvoir, Lincoln- 
shire. 

CEPnALOPODA. 

Belemnites acutus. Mill. 
Ammonites semicostatus, V. Sc B, 
Ammonites, sp. 



Gasteropoda. 

Pleurotomaria precatoria, Desl 

y, princeps, K. §• I>. 

Terebra sp. 
Chemnitzia sp. 
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Cerithium ligaluralis, Tate. 

iy subfistulosa, Tate. 
Trochus imbricatus, Sow. 

„ sp. 
Turbo sp- 
Rotella expansa, Sow,, sp. 

Lamellibbanghiata Dimyaria. 

Modiola scalprum, Sow. (par, Morrisi, Oppel), 

,, Hillana, Sow, 
Cardinia gigantea, Quenst,^ sp. 

,, copideSyC^tf Ryck. 

yy Listeria Sow.y sp. 

,, hybrida, Sow,y sp. 

,9 oval is, Stutch, 
Pleuromya unioides, Rdm,y sp. 
Unicardium cardioides, Pkil. 
Card! urn sp. 
Astarte sp. 

Lamellibranchiata Monomtabia. 

Gryphssa arcuata, Lam, 
Pccten textorius, Schloth. 

„ sequivalvis, Sow. (disparilis, f QueiisL). 
yy liasianus^ Nj/st. 
Lima gigantea. Sow, 
„ pcctinoides. Sow, 
„ punctata, Sow, 

Annulosa. 
Serpula capita ta, Phil, 

Braohiopoda. 

Terebratula punctata,? Sow 
Bhynchonella variabilis, Schloth, 

ZOANTHARIA. 

Lepidophyllia Hebridensis, Dune. 

I have traced these beds through the county of Lincoh), and 
found that tliey acquire great thickness and importance as we follow 
them northwards, till in the country about Scunthorpe and 
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Froddingbam they attain their fullest deyelopment and include 
beds of ironstone with a maximum thickness of 27 feet These 
are of the highest commercial value and bid fair to lead to the 
transformation of the district of North Lincolnshire into a second 
Cleveland. The fauna of the Zone of Ammonites semicostatus^ 
as developed in North Lincolnshire, is a remarkably beautiful one^ 
being exceedingly rich in new and interesting forms, as I have 
seen by the inspection of the splendid collection made from these 
beds by the Rev. John Edward Cross, F.G.S., of Appleby. It is to 
be hoped that a description of this very important fauna may at no 
distant date be given to science.* Tracing them still farther north- 
wards, we find the representatives of the Zone of Ammonites 
semicostatus thinning away as rapidly as those of the Zone of 
Ammonites Bucklandi on which they rest ; and in South Yorkshire, 
though still recognisable, they are perfectly rudimentary. 

The different horizons of the Lower and Middle Lias, which are Xtmt/« of 
so well characterised, as shown by Quenstedt, Oppel, Wright, and 
other palaeontologists, by particular assemblages of fossils, can be 
proved to exist in the Midland district of England; but the 
limits and the extent of the development of these zones can only 
be very imperfectly made out in an area, which is so greatly obscured 
by drift as is that referred to, and in which, therefore, the strata 
are only exposed in widely scattered artificial openings Thin lime- 
stone bands, like the so-called Banbury Marble, which occur in tho 
midst of the thick series of clay, prove on examination to be of 
a merely local character^i and afford us but little help in tracing 
the outcrops of the different zones over an extended area. 

On one point, however, there exists much difference of opinion 
among geologists, and concerning which the course adopted b}' 
the Geological Survey may require some explanation. I allude 
to the question of the line of division between the Lower and 
Middle Lias. Of the six stages into which Quenstedt as early as 
1843 divided the Lias, the members a and j9 have been usually 
grouped by German geologists as Lower Lias, y and $ as Middle 
Lias, and e and ; as Upper Lias. On the other hand French 
geoI(^sts have usually carried the base of the Middle Lias much 
lower down, and made it to include the divisions I and 7 and a 
great part of /9. In England, however, our Marlstone or Middle 
Lias series has usually been restricted to the Lias S of Quenstedt. 
If the question be made one of priority, there can be little doubt 
that this last would be the method that ought to be adopted. If on 
the contrary it be made to depend on the existence ot breaks in 

* See Note on page 52. 
8S108. D 
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the LiasBic series, different answers to the question would pro- 
bably be returned by geologists working in different districts, 
according to the more or less complete development of the series 
at their respective localities. Mr. R. Tate has shown that in 
the Cheltenham area, as in Swabia, a tabulation of the species 
occurring in the several divisions of the Lias points to the existence 
of a break between the Lias y and jS of that district. This would of 
course incline us to adopt the classification of the German palaeon- 
tologists. But, on the other hand, when we turn to the North- 
Midland district, we there find largely developed beds, apparently 
intermediate between these two series, and representing probably 
the Zone of Ammonites armatus, which is only reckoned as a 
sub-Zone by Dr. Oppel. These beds appear to contain many 
fossils both of the Lias j8 and the Lias 7, and thus to link these 
two series together* 

It is very possible that no sharp lines of division which might 
be adopted for the grouping of the beds of the Liassic series 
would be found to continue satisfactory over any very considerable 
areas. This we may regard as a necessary consequence of the 
fact that the breaks at any particular spot are in all probability 
due to the non-development of certain zones, and that such zones 
may in another locality be well represented, thus causing the break 
to disappear. We find many illustrations of this conclusion in 
tracing the Liassic beds over any large district. Even in the 
case of the Upper Lias, the planulate Ammonites (A. communis, A. 
annulatus, &c.), which appear usually to be so eminently charac- 
teristic of that division, arc found in the Midland counties passing 
downwards and becoming associated with a well marked Marl- 
stone fauna. 

The restriction of the Middle Lias in England to the stage I of 
Quenstedt has been to a great extent determined by the fact, that 
between the periods y and d a more or less considerable change 
evidently took place in the conditions of deposition of the beds ; 
and consequently over large areas a marked change in mineral 
character is found to occur at this horizon, while no such change 
is found between the deposits of the stages )3 and 7. 

The limits between the clays of the Lias )S and y and that of 
the sands, sandy shales, and ferruginous limestone of I can usually 
be conveniently represented in a map ; while it is almost impossible 
to draw a line of boundary in the midst of a series of clays of 
almost uniform character like those composing the Lias and y. 
On the other hand there are not wanting good palssontological 
grounds for the division of the Lias adopted in this country as 
was to some extent shown, even as early as 1836, in the pioneer 
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work of Louis Hunton. At the top of the stage y of Quenstcdt 
Ammonites of the group of the Capricomi disappear and are 
replaced in the Lias I jby the remarkable forms of the Amalthei 
group ; and this appearance of a considerable number of new forms, 
with the disappearance of others at the same horizon points to 
the conclusion that, in some areas at least, the line of division is 
a defensible one. On these grounds the lines of division of the 
Lias adopted by the Geological Survey, before the results of 
more accurate palaeontological research were known, have been 
continued. It has been thought advisable, however, in continu- 
ing the mapping of the country to the northwards to separate 
by a boundary line the distinctly marked, and often economically 
valuable, *^ rock-bed " of the Marlstone, from the sands, clays, &c. 
below, a division not attempted in the earlier maps. 

It may here be necessary to point out that a little confusion in 
terminology has arisen, from the name '* Marlstone " being often 
used in two somewhat different senses in the south of England and 
in Yorkshire respectively. William Smith applied the name to 
the whole series of limestones, sands, and clays, between the thick 
argillaceous formations of the Upper and Lower Lias respectively ; 
but not a few authors by the term indicate only that hard, 
ferruginous, and often highly fossil iferous, limestone which forms 
its upper member, and to which the Survey applies the name of 
the '* Marlstone Rock-bed." On the other hand. Professor Phillips 
has named the Middle Lias of Yorkshire, '^ the Ironstone and 
Marlstone Series ;" the representative of the " Rock-bed " of the 
south appearing to be his top ironstone bed, while the term 
Marlstone is restricted to the sandy clays at the base of the 
series. 

The Upper Lias Clay, like all the other members of the Jurassic J** ^^^^ 
series, exhibits great differences in thickness as we trace it north- 
wards through the Midland district. Attaining a thickness of 
nearly 300 feet in parts of the Cot tes wold Hills, it rapidly 
diminishes as we pass northwards, till in parts of Oxfordshire it 
is only about 30 feet thick at its outer escarpment, while it is 
greatly attenuated and almost lost towards the south-east, as has 
already been pointed out by Mr. Hull. Still going northwards, 
we find it gradually increasing again in thickness, till in South 
Lincolnshire it is probably not less than 200 feet; and from 
this point it again gradually diminishes and seems to disappear 
altogether in South Yorkshire. Whether this attenuation of the 
whole formation is due to the disappearance of certain of its 
members, or whether all of its subdivisions are simultaneously 
reduced in thickness, it is not in most cases easy to determine ; 

V 2 
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but from the oonstaat presence at least orer very great areas, of 
the Fish and Insect Limestones and the Serpentinus beds at its 
base, and the day, characterised by the ab\Lndance of Ammonites 
belonging to the group of the Planulati in its upper part^ perhaps 
the latter yiew may be regarded as the more probable. 



Value of The remarkable variations presented by the strata of the Lower 

g^T^^n Oolite and Lias series are suggestive of a number of considerations 
of great interest to the geologist, which have important bearings 
alike on his theoretical researches and the practical applications 
of his science. In no group of formations do the great principles 
which must guide the geologist in his studies find more fitting 
illustration than in that which constitutes the Jurassic System ; 
for not only does it present us with a series of formations, 
possessing many features of the highest intrinsic interest but it is 
also that which was first systematically studied, and which has been 
subsequently made the subject of the greatest amount of patient 
and minute research over very considerable areas. 

The importance and value of a careful study of the distinctive 
faunas of the zones, into which palseontologists have shown the 
Jurassic Series to be divisible, can scarcely be exaggerated ; but 
there are some errors on the subject^ which though neither partici- 
pated in nor promulgated by those who have been the founders 
of this method of classification, constitute a source of danger 
in geological reasoning which it may be necessary to point out 
It has been found necessary to use the name of some prominent 
species in each fauna (usually an Ammonite) as the index of the 
zone. Unfortunately, some have taken it for granted that 
wherever this particular species occurs, the zone which takes 
its name from it may at once be assumed to be represented by the 
beds containing it. Some, indeed, have raised objections to 
the whole method of classification, on the ground that they have 
not realized the expectations founded on this unwarranted defini- 
tion of a palaeontological zone. By the adoption of zones of life, 
palaeontologists simply endeavour to indicate the well ascertained 
fiict that in consequence of the mode of distribution of the forms of 
life in a formation, certain horizons in it can be recognised — either 
by the restriction of the range of certain groups of species, or by the 
peculiar assemblage of these, or by their greater or less relative 
abundance between certain vertical limits. These species are not 
uniformly the same over a great area ; many of the highly abundant 
and most characteristic forms of one locality, indeed, becoming rare 
or entirely disappearing, or being replaced by others at a different 
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point, while the general assemblage of forma^ nevertheless^ 
remains the same. Though the zones have a real existence, 
thdr lindts are not usually sharply defined; and even when 
such is the case the cause of the break may usually be traced 
in the absence of beds representing the* intermediate zones. 
The tendency of continued study over large areas is, by the 
detection of intermediate zones of life at particular points, to make 
our knowledge of the whole series more complete, and thus to 
render the gradation between its subdivisions more imperceptible. 

It must be remembered too, that every zone may present several FadeB depen- 
faeies ; the petrological and palsBontological features which na^^^d^H^^ 
characterize these being dependent on the conditions under ti«m. 
which the strata were deposited at different points. The fiiunas 
of deposits belonging to two facies of the same zone may differ 
from one another more widely than those of beds of corre- 
sponding facies of different zones. Thus, the ragstones of the 
Inferior and the Coralline Oolite, or the freestones of the 
Great Oolite and Inferior Oolite respectively, are found to have 
more species in common than the freestone and ragstone of 
either series. Consequently, in comparing the faunas of two sets 
of strata, the conditions of their deposition require to be in all 
cases most carefiilly studied and taken into account. 

As we trace a deposit over a considerable area, too, we must 
be prepared to find gradual changes taking place in its fauna, from 
the more or less limited distribution in space of each of the 
species which constitute it.* 

Every fauna therefore is the resultant of three sets of causes, 
namely geological age, condition of sea bottom (such as depth, 
temperature, nature of sediment, &c.) and geographical position ; 
and the changes which we find to take place in the grouping of 
species must be resolved into its elements ; those which are 
attributable to each of these three sets of causes being carefully 
ascertained. Thus the determination of the age of a series of beds 
from the study of its fauna often becomes a most complicated 
and difficult problem. The laws of the succession of life forms is as 
much a fact for the Geologist as are the laws of planetary motion 
to the Astronomer; both, however, have ever to bear in mind the 
circiunstance of the existence of perturbing causes ; and these require 

^ No palseontologist sapposes that such zones of life can be traced beyond the limits 
of the axcas which formed the provinces of marine life of the period \ but these were 
probably not less extensive than those of the present day. A careful study of fiEiunas 
by many workers, has shown conclusively that the Jurassic strata of England, 
Northern France, and Western Germany were all deposited within the same life 
province. 
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to be as carefully studied and allowed for in the determinations 
of the one as in the calculations of the other. 

In cases, like those which we have been considering, the Lower 
Oolites, of which many of the deposits are of such a remark- 
ably local and peculiar character, the careful study of the condi- 
tions under which each of the beds was deposited becomes a point 
of the first importance ; in order that we may not refer to 
diiFerence of age, that which is due to a change of the nature of 
the sea bottom, or vice versd. 
Effects of The causes of the phenomena of the rapid variation in the thick- 

tuUidenceoH ^^^ g^jjj mineral characters of the sedimentary deposits on a sea- 
deponts. bottom, which are made so strikingly apparent by a careful study 

of the changQs that take place in the several subdivisions, of tlie 
Jurassic rocks, were long ago pointed out by Mr. Darwin, and 
more fully illustrated in his recent works. £xcept in the case of 
beds formed under abysmal conditions, such as the chalk, the 
deposition of a considerable thickness of strata must be dependent 
on the continued subsidence of the sea-bed on which the accumu- 
lations are taking place. As long as deposition and subsidence 
keep even pace with one another, the formation of beds of uniform 
character goes on continuously. If the subsidence either dimi- 
nishes in its rate of progress or altogether ceases, while the 
deposition of sediment continues as before, the depth of water 
will begin to decrease, and a change will take place both in the 
mineral character of the deposits and in the facies of their fauna. 
When, on the other hand, the deposition of sediment goes on more 
slowly than the subsidence of sea-bottom, changes of an opposite 
kind, both in mineral character and in the fauna of the beds, at 
once manifest the nature of the movement. If, however, elevation 
of the sea bottom take place, not only does deposition cease, 
but the rocks last deposited run the greatest risk of being again 
removed by denundation. 

These considerations serve to explain the phenomena so 
strikingly presented by the English Jurassic rocks, and to which 
we have specially to allude in the present memoir — namely, the 
repeated change in the character of the beds both vertically and 
horizontally, the total absence of certain members of the series 
at many localities, and the very unequal and capricious manner in 
which that series is represented in all cases. Only where con- 
tinued subsidence takes place, accompanied by -a tolerably eqaal 
deposition of sediment, can a thick mass of strata belonging to 
any particular zone be found ; and during the prevalence of move- 
ments which do not comply with these conditions we shall have, 
either a gap in the series, the formation of a rudimentary deposit, 
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or the production of a more or less complete unconformity ; the 
latter phenomenon resulting from ihe disturbance and destruction 
of the strata already formed, in the interval which elapses before 
the laying down of the newer sediments. 

Of formations belonging to the first of the categories indicated 
above, we may perhaps point to the Oxford Clay and parts of the 
Lias Series. In these, very favourable conditions of subsidence 
combined with an uniform supply of sediment, appear to have 
given rise to a remarkably even deposition of beds. We therefore 
find that, within a thickness of some hundreds of feet of evidently 
very slowly deposited strata of fine clays, the several zones of 
life are all represented^ and the changes take place from one to 
the other in the most imperceptible manner ; the several species in 
each of the faunas becoming more and more rare and finally extinct 
one by one, while new forms make their appearance in an equally 
gradual manner. The extinction and appearance of species takes 
place in these cases by individuals and not in groups. When 
especially favourable conditions of subsidence coincide with the 
existence of an abundant supply of sediment during the period 
characterised by a particular assemblage of life-forms, the zone may 
attain abnormally fine representation, both as regards thickness of 
beds and abundnnce of fossils. When, by deposition going on 
faster than subsidence, the sea bottom is raised, the fine sediment 
of clays passes into sands, and then, as a shallowness of water is 
attained favourable for the development of numerous shell bearing 
moUusca, into shelly limestone. When a movement of an opposite 
character occurs this series of changes takes place in reverse order. 
The former case is illustrated in the Midland district by the 
passage of the clays of the Lower Lias, through the sands, &c. of 
the Middle Lias up to the Marlstone Rock-bed ; the latter case, 
by the passage of the shelly Cornbrash through the sand repre- 
senting the Kellaways Rock into the Oxford Clay. 

The absence of the representatives of a zone, from the cessation 
at that particular period of the subsidence, which is necessary 
to the deposition of beds containing its relics, is illustrated at 
many points of the Midland district ; as is also the reduction of 
the representatives of a particular period to a rudimentary con- 
dition; this will be seen by a glance at the series of vertical 
sections in Plate I. 

The abnormal development of beds representing particular Comb of the 
horizons finds admirable exemplification in the cases of the Zone f^^^Jllof 
of Ammonites So werbyi, and the Zone of Ammonites semicostatus, Zones. 
which have been fully explained in the foregoing pages. 



52 



GEOLOGY OP RUTLAND, &C. 



General con" 
elusions. 



r 



Of cases of the non-representation of certain pel 
production in the interval of changes giving rise 
formable relation of the succeeding beds, we hay« 
tration in the case of the junction of the Inferia 
Oolites of the district We find that in the Midi 
upper part of the Inferior Oolite period is unrepresei ^ 
of rock, for there are no strata yielding the faunas 4^ 
of Ammonites Humphriesianusand Ammonites Parkiii 
is, however, clear evidence that the period — of whichj 
are in other areas the relics and monuments — wlis, in \ 
district, marked by considerable subterranean movemei 
we see the effects in the peculiar relations of thv 
estuarine beds to those which represent the lower [ 
Inferior Oolite series. 

The phenomena explained in this Introductory 
point to the fact that, during a considerable portion ( 
period, the area now forming the county of Oxford 
far less amount of subsidence than that to the Nor 
South-west of it respectively. The consequences of i 
of movement are manifested in the disappearance of son 
of the series, the attenuation of many others, and 
characters presented by nearly all of them. 
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Note to pcige 45. Since the writing of this Introductory Essay in 1 
expressed in Uie text has been realized through the publication bj t^ 
Socie^ of an interesting paper on the strata of North Lincolnshire 
Bev. tf. £. Cross is the author. 

The new edition of the late Professor Phillips' Geolo^ of Torkshii 
completed by Mr. Etheridge, will also contain many details illustrative 
variations within short distances of some of the Jurassic foimations and| 
local characters of certain of the beds which compose them. 
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Figure 5. Village of Somerby, RiUland, situated in one of the deep sinuous 
valleys of the great escarpment formed by the Marlstone Rock-bed, 



CHAPTER L 
PHYSICAL FEATURES, &c. 

Sheet 64 of the Ordnance map of England embraces an area 
of rather more than 800 square miles. Its eastern portion 
includes a part of the Fenland, while its western belongs to the 
great table-land of the Midland counties ; the intermediate tract 
rorms a segment of the very undulating but, on the whole, gra- 
dually rising land which lies between the former and the 
latter. While parts of the Fen district in this map are only a few 
feet above the sea level, the height of the general surface in the 
western part is about 600 feet, and many of the hills attain to 
more than 700 feet The highest point included within the sheet 
appears to be the Ordnance station at Tilton-on-the-Hill which 
is 755 feet above the level of the sea, but a number of other 
points as Burrow Hill Camp,.Whadborough Hill, Colborough Hill, 
Robin-a-Tiptoes, Ram Head, Cold Overton, and Neville Holt, 
attain to scarcely inferior elevations. 

Owing to the greatly increased thickness of several members 
of the Lias and Oolite, the escarpments in this area are consi- 
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derably higher than in the Oolitic districts immediately to the 
south-west, namely central and south Northamptonshire and Ox- 
fordshire; indeed the country included in the western part of this 
sheet and that immediately to the north presents features almost 
comparable for boldness with those of the Coiteswold Hills. The 
thickness of the Upper Lias Clay, which reaches 200 feet^ the 
important character locally assumed by the Marlstone Rock-bed, 
and the appearance of a great mass of limestone of Inferior Oolite 
age, principally contribute to this result. See Plate IV. p. 53. 

From Wilbarston northward the Inferior Oolite forms an 
unbroken escarpment as far as Harringworth ; between this last 
point and Burley-on-the-Hill the escarpment is cut through by 
the river Welland with its tributaries the Chater and Gwa^h ; 
from Burley northward to the limits of the sheet, the escarpment is 
again continued and indeed runs through the whole of Lincolnshire, 
where it is known as '^ the CliflP," being intersected only at two 
points, namely at Grantham and Lincoln, by the river Withara. 
To the west of the line of the Inferior Oolite escarpment the 
Upper and Middle Lias form a plateau gradually rising towards 
the north-west, and terminating in a number of bold spurs and 
outliers, capped by the Marlstone Rock-bed, which overlook the 
plains of Lower Lias. Situsrted upon this plateau are a number of 
outliers of Upper Lias, often surmounted by Inferior Oolite, some of 
them being of great size. East of the Inferior Oolite escarpment 
the country occupied by the Lower and Middle Oolites forms 
another plateau gradually sinking towards the east until it 
reaches the Fenland. This plateau, which is to a great extent 
covered with Boulder Clay, is intersected by the sinuous valleys 
of numerous streams, along the sides of which valleys the various 
Oolitic rocks are admirably exposed. The surface of the Fenland 
itself is by no means an uniform one; tracts of clay land or 
gravel, which were once islands, and still bear names pointing 
to that fact,* rise above the level of the peat,, silt and warp, and 
constitute the sites of most of the towns and villages. 

Owing to the position of this area in relation to the great moun- 
tain and hill chains and to the sea^ the amount of rainfall within 
it is very small ; indeed it is not exceeded in dryness by any 
other district in England. 

The drainage of the district is effected by the Nene (with its 
tributaries the Barford Brook, Harper's Brook, the Willow 
Brook and Billing Brook), the Welland (with its tributaries the 
Eye Brook, the Chater and the Gwash), the Glen and the Witham 
(which last rises in the northern part of the sheet). All of these 
flow into the Wash. A small tract in the north-west is drained 
by the River Eye, which flows by the Wreak, the Soar, and the 
Trent into the Humber. 

An examination of the district by- the aid of the geological map 
will show how completely the contours and scenery have been 



♦ Such as Eye, Whittlesey, Ramsey, Thomey, Ely, Estrea, Manea, Ac. 
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determined by the presence of beds of different degrees of hard- 
ness, and of varying susceptibility to denuding forces. It will also 
illustrate in a striking manner how the sites of all the towns and 
Tillages^ and the general distribution of the population, have been 
determined by the outcrops of water-bearing beds. 

In ancient times the Fen district of this area consisted of 
almost impassable marshes and meres, which yielded little besides 
fish and wild fowl. The high table-lands of Boulder Clay also 
were formerly covered by extensive woods ; Rockingham Forest 
alone occupy ing the whole of the centre of this sheet Now, how- 
ever, the Fens are completely drained, their lakes have disappeared, 
and a large part of the Fenland is now unrivalled for the wonderful 
crops which it produces: on the other hand, the forests of the 
high lands have been almost wholly cleared, and the heavy clay 
aoSs on which they grew now constitute, when sufficiently drained, 
very valuable corn land, continually increasing areas of which are 
being brought under the plough. The western portion of this 
sheet, which is occupied by Lias clays usually covered with drift, 
still remains for the most part as pasture land, and constitutes a 
portion of the most celebradted hunting district in England. 

Within the limits of this map heaths and waste lands have now 
almost disappeared. 

In former times the district was celebrated for the manufacture 
of iron, and traces of the old workings in the form of slag heaps 
abound ; but, as the wood became less abundant and the method 
of smelting iron with coal was introduced, this manufacture gra- 
dually forsook the district. Of late years iron-ore has begun to 
be dug rather extensively in the south-western part of the area, 
and the erection of iron-furnaces commenced. The district has 
always been celebrated for the beautiful building-stones yielded 
by its various limestone and the other strata, the several clay 
beds have been used for brick-making, and occasionally for the 
production of finer and more ornamental materials. The peat 
of the Fenland is still extensively dug and used locally for fuel. 
The occupations of the inhabiiants of this district are, however, 
still mainly agricultural. * 

The rocks which form the area included in Sheet 64 fall 
naturally into two groups, which are of widely different age, the 
Jurassic and the Post-Tertiary. 

The Jurassic rocks form regular strata which have all a general, 
though very slight, dip towards the south-east. In consequence 
of this dip some of the oldest beds of the series, as the Marlstone 
Rock-bed, form the highest ground in the western part of the 
area, while the younger beds of the series, as the Oxford Clay, 
occupy the low ground of the Fens. But although the general 
dip of these beds is thus seen to be towards the south-east, they 
are nevertheless sometimes found to be locally inclined in various 
directions, while occasionally they are even bent and contorted 
and not unfrequently thrown far from their proper position by 
great dislocations or " faults." 
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Between the periods of the deposition of the Jurassic and the 
Post-Tertiary rocks there is evidence of the lapse of an enormous 
interval of time, during which the older series of beds wa8 
upheaved, bent, faulted and extensively denuded. 

In this vast interval the whole of the Cretaceous and Tertiary 
beds, which are not represented in this area, were deposited. The 
Post- Tertiary deposits, which are usually of a much' more local and 
inconstant character than the Jurassic strata, lie indifferently on 
the eroded surfaces of the latter, and are often to a great extent 
made up of their detritus. 

The following table exhibits the several formations which occur 
within the area included in this sheet, arranged as far as possible 
in chronological order. 

POST-TERTIARY. 

'^Marine Alluvium or warp of the Fenland. 

Alluvium of present rivers. 

Alluvium of old fen lakes. 

Peat interstratified with marine silt. 
< Marine gravels of the Fenland. 

Estuarine fi^ravels. 

Low-level valley gravels. 

High-level valley gravels. 
^Cave deposits. 

r Glacial or Boulder Clay. 
Glacial. < Gravels. 
L Sands. 

rPehbly gravels and sands. 
Pre- J Brick-earths. 
GLACIAL? I River gravels. 

LLacusmne deposits. 



PosT- 



JURASSIC. 

Middle Oolites.— Oxford Clay with Kellaways sands and sandstone at its 
base. 

fCombrash. 
Great Oolite Clays. 
Great Oolite Limestones (Upper Zone). 
Upper Estuarine Scries. 

Inferior f Lincolnshire Oolite Limestone with CoUyweston Slate. 
L Oolite. \ Northampton Sand with Lower Estuarine Series. 



Lias. < 



Upper Lias Clay. 
Marlstone Rock-bed. 

„ Clays^ ironstones, sands. Sec, 
Lower Lias Clays. 
„ „ Limestones and Shales. 
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CHAPTER 11. 
THE LIAS. 

In the district we are describing the Lias formation is very 
fully developed^ and attains a thickness of probably not less than 
800 feet. Consisting, however, almost entirely of clays it has 
been very extensively denuded, both before and since the deposi- 
tion of the glacial series, and its beds are to a great extent con- 
cealed by the masses of drift which lie upon them. The Bock-bed 
of the Marlstone has, however, owing to its superior hardness 
resisted denudation to a greater extent than the r^st of the forma- 
tion, and everywhere foi-ms a bold escarpment, constituting indeed 
some of the highest points in the district ; other hard beds in the 
Lias, even when only a few inches in- thickness, frequently give 
rise to perceptible features in the contour of the country. 

The great mass of the Lias appears to have been deposited 
undelr moderately deep-water conditions, but the two series of 
finely laminated shales and limestones, which occur at the base 
of the Upper and Lower Lias respectively, and are crowded with 
the remains of plants, saurians, fish, crustaceans and insects, 
exhibit evidence of the alternation of very shallow water, if not 
of estuarine, conditions. That the deposition of the Lias occupied 
a period of vast duration there can be no question ; although a few 
species might be cited which are found passing from the bottom to 
the top of the Lias^ and even recurring in the overlying Oolites, 
yet the great majority of the forms have undergone very striking 
changes within the period. During the Lias epoch certain genera 
make their first appearance, and others die out, while the entire 
range of a few (such as Cardinta and Hippopodium) is included 
within its limits ; in some groups too, as the Cephalopoda, the 
species have been almost wholly replaced several times over during 
the Lias period. Of great and sudden breaks in the succession 
of life, the Lias exhibits but little evidence; the transition from 
one fauna to another appears to have been in almost every 
instance a gradual one, the several species disappearing indi- 
vidually and not in groups. 

The Lovter Lias. 

Nearly the whole thickness of this division, including repre- 
sentatives of most of the palseontological zones into which it has 
been divided, occur within the limits of Sheet 64. We do not, 
however, find any sections which exhibit the actual base of the 
Lias, and its junction wtth the Rhsetic or Penarth beds ; as, how- 
ever, these latter appear in the district immediately to the north, 
it is possible that, ii the necessary sections existed, they would be 
found just beyond the area included within the north-western 
corner of the Sheet ; the beds directly above them in the series 
being present there as will be shown in the sequel. The Rhsetic 
beds of the district consist of highly pyritous black shales crowded 
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with Avicula contorta, Portl. Cardtum ShtBticum, Mer., Axinus 
cloacinuSf Quenst^ &;c.^ alternating with fissile sandy beds. These 
strata/good sections of which are rarely seen, rest directly upon 
the red and green gypsiferous marls of the Keuper, so extensively 
developed in the country to the westward. 

Although occupying a considerable area the beds of the Lower 
Lias rarely appear at the surface, for they are to a great extent 
covered with drift, while the exposures of the several members 
of the formation are few and insignificant, being restricted to 
occasional brickyards, with some railway-cuttings, and temporary 
field-drains. By far the best illustration of the succession of its 
beds is afforded by the cuttings on the Syston and Peterboro' 
Railway between Kirbyand Whissendine; unfortunately, however, 
these were not studied when first opened, and, as they are now 
turfed up, we are dependent for information as to the beds and 
fossils on the exposures caused by occasional slips, and the 
opening of field-drains, holes for telegraph-posts, &c. 

a. ** Fish and Insect Limestones,'** — Traces of these beds are 
found in the railway-cutting at Kirby, which is just beyond the 
limits of Sheet 64. They consist of a number of finely laminated 
and much jointed beds of argillaceous limestone of a blue colour, 
but weathering nearly white when near the surface, and alternating 
with thicker beds of laminated shale. They abound with the 
remains, often very beautifully preserved, of fish, crustaceans, 
saurians, plants, and sometimes insects, and are very extensively 
dug (as at Granby and Barrow-on-Soar, in adjoining sheets of the 
map), for the mamffacture of hydraulic cement. 

b. Above the last are coarser grained, sometimes shelly, lime- 
stones, alternating with shale ; the number and thickness of these 
courses of limestone and shale being very variable. They are 
very imperfectly seen in a railway-cutting at Sysonby. These 
beds are characterised by the abundance of varieties of a species 
of Ammonite known by the names of A. planorbisy Sow., an'd 
A. Johnstoniy Sow. Some of these acquire a well marked keel 
and. an approach to lateral furrows, and thus approximate to Am, 
Conybeariy Sow. This appears to be the Am. laqueus, Quenst. and 
the Am, Kridion of some authors, but is not the form originally 
described under the latter name by Zieten. With the Ammonites 
there also ocaxxv Nautilus striatus, Sow., the dwarf<^d and ill defined 
form of Gryph<Ba arcuatOy Lam., known as Ostrea irregularis, 
Miinst, Lima giganteoy Sow. (which never, however, attains its 
full dimensions in these beds), Lima Hermanni, Ziet., and Rhyn- 
chonella variabilis, Schloth. These beds are like the last, some- 
times worked for lime-burning. 



• * These hed», which were first made known by the researches of the Bev. P. B. 
Brodie, might be appropriately called, fh>m the locality where a section of them 
was first noticed, the " Strensham Series," to distingaish them from the similar beds 
at the base of the Upper Lias ; these latter might on similar grounds be distinguished 
as the " Dnmbleton Series.** 
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c. At Barrow-on-Soar the preceding beds are overlaid by a 
thick m^ss of clay, containing several bands of pyrites, one of 
which is crowded with many different varieties of Ammonites an- 
gulatusj Schlotb. I have not been able to find any exposures of 
this part of the series within the limits of this map. 

d. The beds of limestone and shale, the former almost made 
up of GryphtBa arcuata, l^nm., Lima giganteuy Sow. (of great size), 
and Ammonites which make so marked a feature in Dorsetshire, 
North Lincolnshire, and elsewhere, appear in this district, as well 
as in most of the Midland counties, to be represented only by blue 
clays with numerous scattered specimens of Gryphcsa arcuata, Lam. 
and Ammonites of the group of the Arietes, These beds appear to 
have been reached by a deep well in Stapleford Park. 

e. The bed of ferruginous limestone containing Ammonites semi- 
costatuSf Y. & B., Cardinia ffiffantea, Quenst, C, Listeria Sow., 
Gryphtea arcuata^ Lam., and other fossils, which, in the sheet 
immediately to the north of 64, is so well developed, making 
a conspicuous feature in the Yale of Belvoir, and exhibiting 
mineralogical characters, which have caused it to be generally 
mistaken for the Rock-bed of the Marlstone, appears in this 
district either to have wholly thinned out, or to have become much 
diminished in importance. It has not as yet been recognised 
within the limits of Sheet 64. 

/. In Freeby cutting we find beds of the clay with much 
pyrites (producing selenite by its decomposition) and small light 
brown septaria. Belemnites clavatus, Schloth., and Hicatula spinosa. 
Sow., are abundant. 

ff. About this horizon is found a series of beds which, although 
nowhere well exposed in Sheet 64, can be well studied at many 
points in Lincolnshire and Leicestershire. At Loseby brick- 
yard, which is just beyond the western limits of Sheet 64, there 
occurs one of the best sections of these beds with which I am 
acq^uainted, and which will be hereafter described in detail. The 
strata appear to consist everywhere of clays, usually very sandy, 
which alternate with sands, sometimes indurated into an imperfect 
sandstone or sandrock, like that which occurs at the base of the 
Oxford Clay of the district, and to be hereafter described. 

At some points the beds of indurated sandy stone acquire a much 
greater thickness and importance than at this place. The fossils 
of this horizon are numerous, and include abundant specimens 
of the unsymmetrically developed Ammonites, which D'Orbigny 
placed in the genus Turrilites^ with some other Cephalopods, 
Cardinia hybrida. Sow., and somewhat more rarely of specimens 
of a variety of Hippopodium po7iderosum, Sow. These beds appear 
to represent the ** Zone of Ammonites armatus "' of Dr. Oppel 
which in the Midland district of England attains to some im' 
portance, and appears to constitute a link between the Lias p 
and the Lias y of Quenstedt ; that is between the Middle and 
Lower Lias of most German authors. The considerations which 
have induced English geologists to adopt the limit of the Lias y 
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and the Lias d for the boundary of the Middle and Lower Lias 
have already been adverted to in the Introdactolry Essay. 

A. In Saxby cutting there are exposed light-bine^ laminated, 
highly pyritous shales with some thin bands of limestone, almost 
made up of Pentacrinites and small bivalve shells. They contain 
also small septaria, concentric balls of iroiistqne and pieces of jet 
The same beds were exposed in a deep ditch to the south of 
Thorpe Langton. The most abundant fossils were Anmundtes 
dipunciattUf Bom., PliceUula spinosa^ Sow., Inoceramus substriatusy 
Goldf., Lima acuticostOf Goldf, Spirifer Walcotti^ Sow., Rhyn- 
clumella variabilis, Schloth., and Pentacrinus punctiferus, Quenst. 

A. At Dalby and near Staunton Wyville there are found beds 
with thin bands of shelly limestone, containing Cardinia atienuata, 
Stutch. sp. and Hippopodium ponderosum, Sow. 

{. In ^e railway-cuttings by the side of Stapleford Park, as 
well as in some openings in the Park itself, and about Little 
Dalby, there occur clays with septaria and some thin bands of 
indurated argillaceous sand. These beds abound with Ammonites 
of the groups of the Armati and Capricomi, including Ammonites 
lat€BC08ta, Sow., A. bfevispina, Sow., A, Jamesoni, Sow., A. Nor- 
manianus, D'Orb., A. armahis, Sow., &c; also PanopoBa elongatd? 
Rom., Pholadomya decurata, Hartm., Gryphaa oNiquata, Sow., and 
Pentacrinus puncHferus, Quenst. 

m. The highest beds of the Lower Lias consist of dark blue 
clays with much pyrites and many septaria, the latter acquiring 
a red colour and concentric structure by weathering, and fre- 
quently containing thin laminse of Specular Iron. These beds 
abound with specimens of Ammonites capricomis, Schloth., and 
also contain, but more rarely, Pentacrinus robustusj Wr., and some 
other fossils. They are exposed in the railway-cutting at Gralley 
Hill, and also at Neville-Holt and Littie Bowden brickyards. 

The Lower lias occupies a sbnp of countiy stretching along the west of the 
district included in Sheet 64. Ttiis area is divided into two portions by the 
elevated spur of ground, composed of Middle Lias and higher beds, which 
form the steep escarpments about Billesdon and Tilton. The northern of 
these two districts of Ix)wer Lias forms portions of the valleys of the River Eye, 
and its tributaries, and of the Twyford Brook ; the southern constitutes parts 
of the valleys of the Eye Brook (a tributary of the Welland) and or the 
Welland itself. 

Everywhere these tracts are covered by enormous masses of Boulder Clay 
and gravels, which not only cap the hills but are of such thickness that the 
existing valleys rarely cut through them so as to expose the Lias strata below. 
The sections of the Lower Lias in this area are, therefore, as already intimated, 
few in number and widely separated. 

In the northern of the two areas indicated, the deep brickyards of Melton 
Mowbray have been thought to reach the Lower Lias clay, as many beautiful 
8j)ecimen8 of Liassic fossils have at various times been procured from them. As 
will, however, be shown in this Memoir the strata exposed here belong, without 
exception, to the drift, and the fossils obtained from them are all derwed. 

The various sections exposed along the Syston and Peterborough branch of 
the Midland Railway between Sysonby and Whissendine, namely, at Sysonbr, 
Freeby, Stapleford, and Galley Hill cuttings have alr^y been sufficiently 
noticed (pages 58, 59, and 60). 

To the southward the Lower Lias clays with Gryphjoa arcwUa, Lam. 
(6. tiicftrva. Sow.) have been reached in a well in Stapleford Park; and it is 
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probable that the mineral (chalybeate) springs of Barton Lazars and Little 
Dalby rise from the same strata. At a part of the parish of Great Dalby a 
series of field-drains exposed beds belonging to the higher part of the Lower 
Lias. From this place i procured specimens of Ammonites Jamesoni, Sow., and 
H^ffp^modttOiponaerosum, Sow.^ Gryphma obliaua, Sow.^ Avunda sp. Belemnites, 
&c. There was formerly a brick^rvd near tnis place which is to the south of 
Garrety Hill. 

Near little Dalbv I found in several ditches on the slopes of the hills to the 
south-east and south-west of the HalU evidence of the existence of the same set 
of beds as at Great Dalby. They consisted of somewhat sandy clays, with septaria 
and ferruginous nodules^ which yielded Ammonites Jamesoni, Sow.» Oryphaa 
eymbunn. Lam. (6. MaamllockH, Sow.) and joints of Pentacrinus, On the other 
side of the village some ditches by the roadside exposed clays with thin bands 
of impure limestone, which yielded Ammonites Maugenesti, D'Orb., Belemnites 
sp., Gfyphea obliaua. Sow., Plicatula spinosa. Sow., and MontUoaltia rugosa, 
Wr. sp. Near tne park were seen days with fine specimens of Ammonites 
armatus. Sow., and at the village an excavation for a cistern exhibited 12 feet 
of dark blue clay belonging to the Lower Lias, but without septaria or fbssils. 

At the bottom of the new brickyard at the village of Whissendine blue clays 
forming the upper beds of the Lower Lias appear to have been reached under 
a considerable thickness of drift. From this locality I obtained good specimens 
of Ammonites eegmeomus, ScUoth. 

Along the banks of the River Eye, where it passes through Stapleford Park, 
there are a number of small exposures of the clays of the Jamesom beds at the 
top of the Lower Lias. These have yielded the following interesting series of 
fossils. 

Specimens from openings in the Lower lAas olays of Stapltford Park. 
Ammonites latSBOosta, Sow. abundant. 
„ brevispina. Sow. rare. 

„ capricomus, Schloth rare. 

„ Jamesom, Sow, var. oonfiuus, Quenst. rare. 

„ Jamesom, Sow. var. Bronni, Rom. rare. 

„ N<innanianus, lyOrb. rare. 

y, Jamesoni, Sow. 
M polymorphus lineatus, Qnenst. 

Belemnites davatus, Schloth, 

> „ elegans. Simps. - 

Trochus sp. . 
Lima Hermanni, Ziet. 
lAvoM aeuticosta, Schloth. 
Plicatnla spinosa. Sow. 

Ispviffita?, irOrb. 
Gryphaea cynunum. Lam, 

Unicardium cardioides, PMl. (U. lanthe, lyOrb. ?) 
Cypricardia cucullata, Goldf sp. 
Serpula sp. 

Pentacrinus punctiferus, Qnenst. 

The above, with some small openings along the sides of the Twyford and 
Marefield brooks, exhibiting some of the harder calcareous bands with Pm- 
tacrndtes and fragmentary shells, are the only exposures of the Lower Lias 
strata in the northern area, which T was able to find during my survey of it. 

At Loseby brickyard, which is a little beyond the western limits of Sheet 64, 
we have an interesting section of a series of strata, which, though present, are 
nowhere so well expoMd within the area. They consist of beos of blue day 
with soft septaria of a whitish colour, and some bands of ironstone balls. These 
clays alternate with grey sandy beds, which are sometimes indurated into a sand- 
rock or easily decomposing sandstone, like that of Kellaways age to be here- 
after described. The section is as follows : — 

(1.) Beds of clay, with a few septaria and ironstone balls- 6 feet. 
(2.) Band of lanre septaria - - - - 6 inches. 

(3.) Clay . - . - - - - 3 feet. 

(4.) Sandy beds indurated into stone - - - 6 inches to 1 ft. 

(5.) Clay with septaria and ironstone balls - - dug to 12 feet. 

8S108. E 
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The fauna of these beds is a very interesting one, namely, — 

Vertebra of .Saurians, &c. , . j 

Ammonites Loscombi, Sow,, sometimes very large, the specamens covered 

with attached oysters, serpuhe, &c. 
,y armatus, Soto., abundant. 

(TurriUtes) Coynarti, D'Orft. 
These always exhibit, but in very vanous degrees, the 
curious unsymmetrical character which led D'Orbipiy 
to phM» this and similar forms in the genus TurrUUes, 
Nautilus truncatus. Sow,, very large. 
Belemnites acutus, MUl. 
Gryphsea (^mbium, Lam, (G. Maccullochi, Sow.) 

„ obliqua. Sow, 
Modiola scalprum. Sow. 

Hippopodium ponderosum. Sow,, large rugose vanety. 
Avicula sp. 
Luna Hermanni, Ziet, 
Panopsea elongata, lUhn, 
Pholadomya ambigua. Sow., var. ? 
Cardinia sp. 
Pentacrinus sp. 

Near Billesdon Coplow a boring for coal, which was made nearly 30 years 
ago, is said to have been carried to the depth of more than 600 feet. It com- 
menced at some distance below the bottom of the Marlstone Rock-bed, and it is 
evident ftim the descriptions of those who watched the work that it did not 
pass through the Lower Lias Clays and reach the Keuper. 

The southern of the two districts occupied by the Lower Lias is ahnost 
equally obscured by the thick overlying masses of drift. With the exception 
of a few somewhat doubtful openings along the courses of the Eye Brcok and 
the Medbourn Brook, the only places at which the beds were seen during the 
survey of the area, were the brickyards of Neville-Holt, Medbourn, Dttle 
Bowden and Staunton-Wyvile (the last of these, however, being a little to the 
west of the limits of Sheet 64], some deep ditches which were opened along 
the side of the road running southwards nom Thorpe-Langton, and in a road- 
section and railway-cutting south of Market Harborough. 

At Neville-Holt the brickyard at the foot of the hill is seen to be opened in 
the beds immediately underlying the Middle Lias ferruginous rocks and days, 
which, as will be pointed out in the seouel, are here only developed to a very 
limited extent. The Clays seen in the brickyard are dark-blue and pyritous, 
with a few septaria and concentric ferruginous nodules : they yield Ammonites, 
capricornus, Schloth, Ammonites fimbriatus. Sow., tJidNucula variabilis, Quenst., 
and evidently belong to the top of the Lower Lias. 
The brickyard at Medbourn is probably opened in the same beds, but the 
' clays were very imperfectly exposed during the time of the survey of the dis- 
trict, and I was unable to obtain any fossils from them. 

At Little Bowden brickyard the same beds are beautifully exposed, being 
dug under thick masses of drift ; the fossils obtained here which are numerous 
and well preserved are given below. The rock is a deep-blue, highly micaceous 
and ferruginous clay. 

Ammonites capricornus, Schloth. 

Belemnites clavatus. Mill. 

Crenatula ventricosa. Sow. 

Modiola scalprum. Sow. 
„ Hillana, Sow. 

Trochus imbricatus. Sow. 

Pentacrinus basaltiformis. Mill. 

At Hallaton brickyard (to be noticed hereafter) it is possible that the same 
beds are reached at the bottom of the clay-pit. 

Staunton Wyvile pit (which is now in part filled up) exposes the hard shelly 
limestone bands crowded with Cardinia attenuata, Stutch, sp., and C. hybrid* 
Sow., sp., and many other shells, including Hippopodum ponderosum. Sow., 
and the Ammonites of the Zone of Ammonites Jamesoni usuaUy found associated 
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with iheae spedes ; also BeUnmUes cUwatus, Schloth, Chyphma obUqua, Sow., 
Littorina tmMco/a, Sow., sp., Peniacrinus, &c. 

These bands of limestone, although so insignificant in thickness, yet, occur- 
ring as they do in the midst of a great mass of clays, are sufficient to produce 
bj their greater relative hardness and power of resisting denudation, a well 
marked mture wherever the countzy is sufficiently free from drift. This may 
be seen at several points in the southern area of the LoWer Lias in this sheet ; 
thus the ri(k^ on which the village of Thonie lAUgton is built owes its ex- 
istence to the presence of these limestone bands of the Zone of Ammonites 
Jameson*. A deep ditch south of the village afforded me an admirable exposure 
of these beds in the year 1867, and yielded Ammonites bipunctatus, Itom., 
Belemmites ehngatus. Mill, Plicatula spinosa. Sow., Pecten sublavis, Phil., 
Mo(&ola, sp., Ostrea, and Pentaerinites (very abundant). 

South oi Market Harborough, and in the immediate vicinity of Little 
Bowden brickyard, the same beds as are seen in the pit, are exposed in a road- 
cutting, and also by the side of the Northampton and Leicester Branch of the 
London and North- Western Railway. 

The greater i>art of the valleys occupied by the drift covered Lower Lias of 
this area remain in the condition of pasture lands, and form the eastern 
extremity of the great hunting and stock-rearing district of LeicesteiBhire. 
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CHAPTER III. 
THE MARLSTONE OR MIDDLE LIAS. 

This division, which in the northern part of the area embraced 
in Sheet 64 is more than 150 feet thick, but is reduced to less than 
half that amount in the southern part, consists of two principal 
members. The upper is a mass of ferruginous limestone known 
as the ^^ Rock-bed,*^ the lower a series of sandy and micaceous 
clays and ironstones with some beds of sand. The latter strata 
it is not always easy to separate from the Lower Lias Clays, and 
we have represented their boundary on the map by a broken line. 
The succession of beds in the Marlstone is as follows^ beginning 
at the base. 

a. Soft, yellowish brown, sandy and micaceous ironstone, crowded 
with casts of shells and alternating with light blue clays. These 
ferruginous bands vary very greatly in number and thickness, 
and are sometimes nodular. They are especially characterised by 
the abundance of several small varieties of Ammonites margari- 
tatus, De Montf.^andof Cardium truncatum. Sow. They are exposed 
in the Melton and Oakham Canal between Ekimondthorpe and 
Whissendine station^ in the hill east of Whissendine station, at 
Blaston, Loddington, and Deepdale. 

h, Beds of blue, highly micaceous, clay, with large septaria 
crowded with fossils. There are at present only two brickyards 
in these beds within the area, namely, at Ouston, and between 
"Whissendine and Pickwell. The most abundant species in these 
beds are Ammonites margaritatus^ De Mont, (the large typical 
form), BeUmnites eUmgatuSy Mill., Helidna expansa, Sow.,sp., Avicula 
iruBquivalviSy Sow., Mytilus hippocampusy Y. & B., Modiola scalprum, 
Sow., (very abundant), Cardium truncatum. Sow., Pleuromya 
unioides, Rom., and Pentacrinus subangularis^ Mill. 

c. Beds of blue clay with septaria, the latter not unfrequendy 
containing Specular Iron, and weathering to a red colour. They 
contain many of the fossils recorded from the preceding beds, but 
less abundantly. They are exposed in Belton, HaUaton, and 
Cranhoe brickyards. 

d. Light blue clays, with bands of ironstone balls of con- 
centric structure, and usually very unfossiliferous. These beds 
are exposed in some brickyards about Oakham, at Langham, and 
at Market-Harborough. At some places they contain beds of 
green and brown sand, as near Horninghold. 

e. The " Rock-bed." This is a mass of limestone, more or less 
ferruginous, and occasionally passing into a good ironstone. 
When unweathered it is a hard crystalline rock of a blue or green 
colour, but as usually seen, it is brown and moderately soft It 
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18 usually crowded with fossils^ its mass being often made up of 
fragments of erinoids, spines of echinoderms^ serpuIaB^ and frag- 
ments of shells^ while certain beds in it (locally known to quarry- 
men as ''jacks") consist of an agglomeration of shells of Rhynchin 
neUa tetrahedra. Sow., and Terebratula punctata. Sow., usually 
filled with finely crystallized calcspar. BeUmnites (of the species 
B.paxUhsui, Schloth, and BrelmgatuSy Mill., are extremely abun- 
dant in the Marlstone Rock-bed, and serve to distinguish it from 
the Northampton Sand, which often resembles it in mineralogical 
characters^ but in which Belemnites are exceedingly rare. Ammo- 
nites are not abundant in the Bock-bed in this district, but at 
some points, as Edmondthorpe^ Loddington and Horninghold, 
Ammonites communis^ Sow., and A, annulatusy Sow., occur in con- 
siderable numbers; A. spinaiusy Brug. and some varieties of A. 
margaritatus, De Mont, are also found in it, but much more rarely, 
in this district. Large specimens, of Pecten cequivalvis, Sow., with 
the highly-characteristic P, dentatus, Sow., also P. suhlcsvis^ Phil., 
Hinnites abjectus, Phil., sp., and Avicula incequivalms, Sow., are 
among the most abundant forms in the Rock-bed. Certain beds, 
especially in its lower part, contain flattened nodules or concre- 
tions of argillaceous limestone, similar to those which occur in the 
bottom beds of the Northampton Sand. 

The Marlstone Rock -bed is very variable both in thickness and 
mineralogical character ; it is finely developed in the neighbour- 
hoods of Tilton-on-the-Hill and Somerby, near the former of which 
places it is seen to measure 18 feet 6 inches in thickness ; towards 
the east and south, however, it attenuates very rapidly, being only 
8 or 9 feet thick about Oakham, 2^ feet at Allexton, 2 feet at 
Godeby and at Horninghold, and less than 1 foot between Key- 
thorpe and Hallaton. Besides being greatly diminished in thickness 
the Rock-bed sometimes loses its calcareous character and be- 
comes sandy^ in these cases often resembling the other hard beds 
which occur lower in the Marlstone series. When the junction 
of the Upper Lias clay and the Marlstone Rock-bed is seen, the 
latter often presents the appearance of having suffered erosion 
before the deposition of the former. Insignificant, however, as 
the Rock-bed often becomes, I have obtained no certain evidence 
of its actual disappearance within the limits of this sheet, but in 
places, its presence being doubtful, it is indicated by broken lines 
only. Taking into account all the characters presented by the 
Marlstone Rock-bed, and remembering the evidence of shallow 
water conditions which the beds immediately lying upon it 
exhibit, it seems probable that an interval occurred between the 
deposition of the Marlstone and the Upper Lias ; but when we 
remember the fact of the passage of certain species from one to 
the other, especially of the Planulate Ammonites, it is clear that 
this interval was not one of long duration. 

The Bock-bed is nowhere in this area dug as an ironstone, as 
it certainly was in former times, and as it still is at Adderbury, 
King's Sutton, and Fawler in Oxfordshire. Wherever it attains 
a fair thickness, however, it is extensively quarried for building 
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puri)06es, for which it is well adapted ; near Tilton-on-the-Hill it 
is burnt into tolerably good lime. 

Where the Rock -bed forms the substratum, as in the Vale of 
Catmos, and on the spurs at Somerby and Tilton, the land which 
is of a red colour* and highly productive, is almost everywhere 
under the plough, forming a marked contrast with the districts 
occupied by the clays above and below it, which almost always 
remain as pasture. 

In tracing the outcrop of the Middle Lias beds through the 
area includra in Sheet 64, no circumstance is more striking than 
the remarkable variations of the beds which compose it both in 
thickness and mineral character. 

The line of outcrop of the Middle Lias formation is greatly 
interfered with in this district by the great east and west fault, 
which passes by Billesdon and Lodington and throws down the 
strata on the north to the extent of several hundred feet. In 
consequence of this fault the Marlstone strata appear far to the 
west of their normal line, forming the great spur at Pickwell, 
Somerbv, and Burrow-on-the-Hill, and that of Tilton-on-che-Hill 
and Billesdon. It is at this part of its course through the district 
that the Marlstone Rock-bed attains its greatest thickness, and, 
lying between two thick series of clays, it has formed a series of 
magnificent escarpments overlooking the plains of Lower Lias. 
These escarpments are diversified by deep ramifying valleys which, 
surrounded by the cliff-like masses of the Rock -bed, give rise to 
very picturesque scenery. See Woodcut, Fig. 5, page 53. 

The great mass which, rising gradually f^m south-east to north-west, 
culminates in Burrow or Borough Hill (crowned by a fine Roman camp) is the 
most northerly of the two great spurs referred to. The strata of the Rock- 
bed are exposed in a number of pits about the villages of Somerby, Pick- 
well, and Burrow-on- the- HiU, the stone being used for building and road- 
metal. 

At the west end of the village of Pickwell the Rock-bed is dug to the depth 
of about 16 feet, and is seen resting on the clays below. The rock, as seen 
here, is a fine, blue, crystalline limestone, and at about Gfieet from the top a bed 
is seen almost wholly made up of specimens of Terebratula punctata. Sow., and 
Rhynchonella tetrahedra. Sow. The other portions of the rock at this place 
contain but few shells. Scattered through some of the beds of the rock are a 
number of rounded and flattened nodules of light-coloured, compact, argillaceous 
limestone, probably slightly phospbatic. 

In the neighbourhood of Somerby there are some very extensive quarries 
in the Rock-bed, from which fine building-stone is extracted. It is not 
customary at this place to quarry the rock belvw the depth of about 10 or 12 feet, 
only the upper weathered beds, which are of a rich brown colour and so soft 
as to be easily worked, being used for building. The hard, unweathered, blue 
limestone beneath is seldom dug, except for road-mending. 

Between Ouston and Someri)y, but nearer the latter village, there are i 
number of good exposures of the Rock-bed. Here, as at many similar points, 
there is evidence, along the sides of valleys cut back into the escarpment, of i 



* The oounty of Rutland (red land) probably acquires its name ficom the prevt- 
lent colour of its soil. The mater part of the county is occupied by the Uncoh- 
shire Oolite Limestone, the Northampton Sand, and the Marlstone Eock-bed, with 
the clay slopes below thtm, which are coloured by their down-wash. 
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number of Uuidslips having taken plaoe« the thick, jointed strata of limestope 
sliding easily over the blue clays below. 

llie sandy and micaceous clays, sometimes passing into ferruginous sands ' 
and sandrock, which immediately underlie the Rock-bed, are seldom well 
exposed on this S{)ur, and have, at the few points where they are seen in the 
deep roadside cuttings leading down the steep escarpments, yielded no fossils. 
There is only one place at which the deeper-seated, blue, micaceous clays, which 
jield such a beautiful fauna, are exposed, namely, the brickyard between 
Somerby and Ouston. 

At this place we have the following section : — 
(1.) SoU. 

(2.) Light-coloured clay only partially exposed. 
(3.) Bvid of ironstone - - - - 6 inches. 

(4.) Blue, highly-micaceous^ and pyritous clay - 3 to 4 feet. 

(5.) Blue, sandy, calcareous and highly-micaceous rock 

crowded, in places, with fossils - - 2 feet. 

(6.) Clay similar to (4), but with bands of septaria - 21 feet to 

bottom of the pit. 
This pit has afforded a very interesting series of beautifully preserved fossils, 
which are enumerated in the following list : — 

FosiUsfrom the Middle lAas Clays of Ouston Brickyard. 

Ammonites margaritatus, De Montf., t^ical form, very abundant ; many 

of the specimens attaining a great size. 
Ammonites Normanianus, D'Orb, 
Belemnites elongatus, MUL 
Belemnites sp. 
Helicina expansa. Sow., sp. 
Ostrea sp. 
Pecten aequivalvis, Phil, 

sublsevis, Phil. 

Avicula in^equivalvis. Sow. 
Mytilus hippocampus, Y. 8f B. 

Bcalprum, Sow. Very variable in form ; very abundant. 

Cardium tnmcatum. Sow. 
Pleuromya unioides. Bom. sp. 
Pholadomya decorata, Hartm. 
— — — ^ ambigua, Sow., var. ? 
Serpula sp. 
Pentacrinus sp. 

The southern of the two great spurs of the Marlstone rises into the high escarp- 
ments of Halstead, Tilton-on-the-Hill, Billesdon Coplow, and Billesdon; and 
at its western extremity stretches beyond the limits of Sheet 64. As in the 
northern spur, the beds are well seen on the sides of the steep escarpments, and 
in the numerous pits opened for economic purposes. 

Between Ouston and Tilton-on-the-HiU the escarpment gradually rises, and 
the base of the Rock-bed can be easily traced, the jimction of the limestone 
and day being marked, as usuiJ, by the outflow of numerous fine springs. 
About Halstead and Tilton-on-the-Hill there are. a number of exposures of the 
Rock-bed in small pits and roadside cuttings ; the beds, however, dip away 
gradually to the south and west, and then become covered by glacial 
clays and gravels. The Rock -bed is, however, well exposed in a small pit 
about three-quarters of a mile south-west of the village of Tilton near the head 
of a small stream. The steep escarpments and deep sinuous valleys of this 
southern spur are an exact counterpart of those of the northern one, and give 
rise to equally striking and pleasing scenery. 

In the valley about half a mile west of Wildbore's Lodge there are several 
pits (situated in the lordship of Tilton-on-the Hill) at the foot of the hill 
called Robin-a-Tiptoes, which together furnish one of the best sections of the 
Rock-bed ill the district. Some of the stone was here former^ dug for lime* 
buniing, and is said to have produced a faulj good material ror dressing the 
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luid ; its use for this purpose is now altogether abandoned throughout this 
^district. The following is the section ezpOMd at this place : — 

(1.) Light blue clay of the Upper Lias, with frag- 
ments of Ammonites communis. Sow., passing 
down into - - - - 1 to 2 feet seen. 

(2.) Laminated,ferruginou8, sandy and marly clay, 
forming a gradation from the Upper Lias 
Clay to the Middle Lias Rock-bed - 2 feet. 

(3.) Hard, blue or greenish, ferruginous limestone, 
where weathered passing into a soft brown 
rubbly stone, which owes its peculiar cha- 
racters probably to the remoyal by solution 
of the OBdcareous matter - - * 4 feet. 

<4.) Bed almost made up of fragments of crinoids, 

serpuks, and shells - - - 1 foot* 

(5.) Beds similar to (3) - - - - 3 feet. 

(6.) "First jack" almost wholly made up of 
• shells of Terebratula punctata, Sow., and 
Rhynchonella tetrahedra. Sow., the interiors 
of which are filled with beautifully crystal- 
lized carbonate of lime - - - 6 inches. 

(70 ''Building-stone," consisting of two beds of 

"hards" and two of "softs" - - together 6 feet. 

(8.) "Second jack/' similar to (6), but much 
thicker. This bed contains some flattened 
nodules or concretions, and has a parting 
of clay in its midst - - - 2 feet 6 inches. 

(9.) Two beds of " building-stone," one "soft" 
and one " hard." These Iowct beds where 
dug at some depth become very hard and 
blue-hearted. They contain the flattened 
nodules or concretions ... together 1 ft. 6 in. 
Total thickness of the Marlstone Rock-bed, 18 ft. 6 in. 

Probably this is nearly the maximum thickness attained by the Rock-bed in 
the district. The fossils which were found in the rock at this place were as 
follows : — 

Fossils from the Marlstone Rock-bed at Robin-^'Tiptoes, 

Ammonites spinatus, Brug, Rare. 

Belemnites paxillosus, Schloth. \Ah\mdhnt and often of large size 

elongatus, MUL J found scattered throughout the rock. 

Gerithium sp. 

Ostrea, small sp. 

Flacunopsis (attached to, and assuming the markings of a. Rhyn- 
chonella). 

Pecten dentatus. Sow, Abundant; a species very characteristic of the 
Marlstone Rock-bed in this district. 

Pecten liasianus, Nyst. 

eeouiyalvis. Sow, Very large. 

Hinnites aojectus, Phil., sp. Not rare. 

Lima pectinoides, Sow, 

Terebratula punctata. Sow. 1 In prodigious abundance, and ezhibit- 

Rhynchonelm tetrabedra, Sow. j ing great variation in form. 

Rhynchonella acuta, var. bidens, Phil. Very rare. 

Sei^ula quinque-sulcatus, Goldf, 

Pentacrinus Isevis, Mill. 

Other crinoids. 

"Wood. Rather abundant. 
It is a remarkable fact that in this district Rhynchonella acuta, and all its 
varieties are excessively rare, while Rhynchonella tetrahedra is so prodigiously 
abundant. This is one of the numerous examples found in the Jurassic 
rocks illustrating the remarkably local distribution of certain forms among the 
Brachiopoda. 
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The Marbtone beds are also seen again on the north ride of the fault, in the 
aides of the small vaUej to the south-east of Wildbore's Lodge. 

At the east end of the village of Billesdon two brickyards, one on either ride 
of the great ooach-road from Uppingliam to Leicester, furnish us with a 
valuable section of the strata inunediately below the Rock-bed, and although 
the locdi^ is just beyond the limits of Sheet 64 it will be advisable, on account 
of the ranty cf such sections, to notice it here. 

The higher beds are shown in the pit on the north ride of the road ; although 
no section of the Rock-bed is seen at this point, there can be no doubt, from- 
the occurrence of springs, the form of the ground, etc. that this bed is in place 
at less than 10 feet above the top of the following section. 

(1.) Laminated, light-blue clay, bismded and stained by peroxide 

of iron ; — some scattered ironstone balls - - about 10 ft. 

(2.) Band of brown, cellular ironstone - - - -6tol2in. 

(3.) Clay like (1) but darker in colour and containing scattered 

ironstone balls - - - - - -6 ft. 

(4.) Band of ironstone similar to (2) - - - - 6 to 12 in. 

(5.) Beds of dark-blue clay to bottom of section - - 6 to 8 ft. 

The upper part of the series appears to be very destitute of fossils, with the 
exception of a few fragments of Belemnites. Towards its base, however, the 
clay (5) yields, large flat septaria, some of which decompose by exposure to 
the air, and assume a reddish brown colour, rapidlv falling to pieces. These 
septaria yield numerous organic remains. The blue clays at the base are 
sometimes very micaceous, and the septaria contain in their fissures Specular 
iron, Zino-blende and Pyrites. The pit on the south ride of the road exhibits 
a section of about 15 feet of dark-blue clay with flat septaria containing fossils. 
From these two pits we learn that the succession of the Middle Lias beds here 
is as follows : — 

(1.) Rock-bed. 

(2.) Light-blue days with bands of sandy ironstone (few 

fossils) ------ about 30 feet. 

(3.) Dark-blue clay with Septaria (numerous fosrils) - 15 feet seen. 

Fossils from the BUUsdon brickyard, {Claps below the Marlstone Rock^bed») 

Belemnites paxiUoeus, Schloth, 

Ammonites margaritatus, De Montf, Abundant ; large, normal forms, and 

numerous varieties. 
Plicatula spinosa. Sow. 
Lima pectinoides. Sow, 
Pecten sublsevis, Phil. 
Modiola scalprum. Sow. 
Goniomya sp. 
As we proceed northwards, southwards and eastwards, from the two great 
spurs jUst noticed, which exhibit the Middle Lias strata in their condition of 
maximum development, the various members, of the formation become greatly 
diminished in thickness while they lose some of the well marked characters 
which distincruish them in the distnct described. 

Between Pickwell and Whissendine the Rock-bed, though it still forms a 

well marked escarpment, is almost wholly concealed by the enormous masses 

of drift which cover the country. At the foot of this escarpment, however, 

and about midway between the two villages mentioned, at the place called 

Rocart on the map, a brickyard gives us an interesting section of the blue 

micaceous days (Zone of Ammomtes margaritatus) which occur at some 

distance below the Rock-bed. This section is as follows : — 

(a.) Boulder clay, of the usual character, crowded with fragments of chalk 

and flint with a few boulders of Oolitic and other rocks. The boulders 

often exhibiting fine glacial polishing and striation. The glacial 

beds rest on an eroded surface of, — 

(h.) Beds of dark-blue clay, with numerous layers of septaria, containing 

many ibssils. Cardium truncatum. Sow., is especially abundant here, 

some of the septaria being almost wholly made up of spedmens of 

that shell. 



70 GEOLOGY OF BUTLAND, &C. 

The following fossils wfsre collected at this place :— 

Fossils/rom the Old Whissendine brickyard at Rocart. 

Ammonites margaritatus, De Montf. Nonnal fonn; specimens very 
numerous^ often of large size and great beauty. 

Belemnitespaxillosus?^ Schloth. Very large. 

Pecten sublsevis, Phil. 

Cardium truncatum. Sow. 

Lima pectinoides, Sow. 

Modiola scalprum. Sow. Very abundant and large specimens. 

Myacites (Pleuromya) unioides. Rim., sp. 

Terebratula punctata. Sow. 

Rhynchonella tetrahedra, Sow. 

Serpula sp. 
In the valley south of Whissendine the Rock-bed is exposed in a number of 
field-dndns, &c. but there are no good sections. The same rock is seen in the 
road-cutting at the west end of that village, and also in several small openings 
between it and Ashwell. 

Stretching from Ashwell southwards to Oakham and Egleton we have a 
broad valley, the bottom of which is formed bv the Marlstone Rock-bed and 
the sides by hills of Upper Lias, capped on the eastern side by the Lower 
Oolites. This is the celeorated and fettile vale of Catmos, which is traversed 
by a branch of the Midland Railway running between Luffenham and Melton 
Mowbray. Along the bottom of this ^'alley we find many exposures of the 
Middle Lias formation; stone-pits and railway-cuttings furnish many 
opportunities for studying the Rock-bed, while the small brooks which traverse 
the valley cut through the platform formed by that hard stratum into the 
clays, &c. which lie below it. 

Near Ashwell station a railway-cutting affords an excellent section of the Rock- 
bed. At Langham a pit which furnishes an excellent section occurs, exhibiting 
a representative of the Upper Lias, beneath which the Rock-bed, 9 feet thick, 
is seen to be underlaid by 14 feet of shaley clay without fossils, followed by a 
thin ferruginous band of 18 inches, also in turn underlaid by clay. 

About Oakham and Barley thorpe we find a number of pits in' the Rock-bed, 
which is dug for building-stone and also as road-metal. The calcareo- 
ferruginous rock is here evidently greatly reduced in thickness and probably 
never exceeds 6 or 8 feet. In several brickvards about the town we find 
tolerably good sections of the beds of clay, &c. immediately underlying the 
Rock-bed. 

A brickyard a little north of Oakham on the road to Ashwell furnishes the 
following section : — 

(1.) Marlstone Rock-bed at top of the pit, fiill of the 

usual fossils - - - . . thickness not seen. 

(2.) Soft, brown, sandy bed - - - - 1 foot. 

(3.) Hard, shaley,micaceous clay (without fossils ?) a layer 
of ferruginous nodules near the top, and others 
scattered through the mass ; to\i^EU*ds the base the 
clay abounds in flat nodules of iron pyrites - about 10 feet. 

(4.) Sandy, blue rock (worthless) - - - 1 ft. 6 in. 

(5.) Light-blue clay, sometimes good enough for tile- 
making, at others full of ferruginous nodules, 
&c., and worthless - - - - to bottom of pit. 

South of Oakham, on the road to Uppingham, another brickyard exhibits the 
Rock-bed and the clays lying below it, as follows : — 

(1.) Marlstone Rock-bed at the top of the pit contain- 
ing the usual fossils ; it also exhibits numerous 
very hard, round and flattened concretions of fer- 
rugino-argillaceous limestone - - . thickness not seen. 

(2.) Clav without fossils, containing large quantities 

of iron pyrites - - . . ^\^q^^ g ft. 

(3.) Two beds of thin and very variable, soft, sandy, fer- 
ruginous rock only a few inchei 

thick. 
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The road from Oakham to Uppingham and the railwajr from the fonuer 
town to Manton croes several small vuleys, cut through the Rock-bed into the 
clays below, and there are several exposures of these beds, both there and in 
the brook running through the village of Egleton ; these however present no 
features of special interest. 

Northward from Ashwell the Rock-bed of the Marlstone forms a fine- 
escarpment about the villages of Teigh, Edmondthorpe, and W^ondham. 
The Northampton Sand and the Marlstone Rock-bed form successive plateaux 
with very gradual inclinations to the south-east, while the steep slopes below 
on the north-west are constituted by the clays of the Upper and Middle Lias 
respectively. 

Near Edmondthorpe the Marlstone Rock-bed is well exposed along the sides 
of the Oakham and Melton Mowbray Canal, and a little to the north-west 
of the village there is a stone-pit, which has yielded numerous foenls, in- 
cluding : — 

Ammonites communis. Sow. \^^4, ^^ 
annulatus. Sow. J ^^^ ""• 

,, spinatus, Bruff, Rare. 

Belemnites paxillosus, Schloth, 

„ davatus?, Schloth, 
Terebratula punctata. Sow, 

„ numismalis? Lam, 

Rhynchonella tetrabedra. Sow. 

About Wymondham there are numerous openings in the Rock-bed, the 
positions of wliich are indicated on the map. As, however, they oflfer no 
characters of any novelty it is not necessary to do more in (his pla^ than to 
notice their existence. 

Along the banks of the old canal between Edmondthorpe and Whissendine 
Station we find traces of the soft, brown, sandy strata, which form the real 
base of the Marlstone or Middle lias series; at this place, however, the beds are 
not conveniently exposed for study. On the hill east of Whissendine Station 
there are traces of some old stone-pits, which appear to have been opened in 
these beds, and a ditch on the side of the hill still exposes them in situ. They 
consist of soft, earthy, light-brown ironstone full of shells ; Cardium truncatum. 
Sow., being specially abundant. These strata appear to be in every respect similar 
to those seen at Neville-Holt, Blaston, and other points; though composed of 
such soft materials they yet make a recognizable escarpment, which can often 
be traced for oonsideraole distances. 

North of Wymondham, though the Rock-bed escarpment still remains to 
guide us, there are no exposures of the stratum, and in consequence the re- 
nudoder of its outcrop in Sheet 64 has been represented bv broken lines. 

South of the great Billesdon and Lodington fault, the Middle Lias beds 
appear again about the village of Lodington, where however their outcrop is 
much concealed by drift. At the north-western end of the village there were 
formerly a number of pits in the Rock-bed, but these are now iJl closed ; 
within the park and on the north side of the village a pit exhibits a fair 
section of the same stratum, and its junction with the Upper Lias Shales. At 
this place the Marlstone Rock-bed yields the usual fossils, AmmonUes communis. 
Sow. being by no means rare. 

Between Lodington and Belton the outcrop of the Rock-bed can generally 
be traced by the form of the ground, though there is but one exposure of it on 
the hill sides. At the latter village a brickyard, now abandoned, was opened 
in the beds below the Rock-bed, and on the same horizon as the brickyards 
at Billesdon. Although the Belton brickvard is now closed, heaps of the 
septaria obtained from the clay pit may still be seen ; these are changed by 
exposure, to a dark red colour, and are so decomposed that they fall to 
pieces with a alight blow from the hammer. From these septaria I collected 
the following fosnls : 

Ammonites margaritatus, De Montf, Several varieties and of all sizes. 
Pleurotomaria Quenstedti, Goldf. 
Myacites or Panopoea (fine specimen). 
Leaa complanata, PhU. 
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Cardinin truncatmn, Stm. (in masses). 
Pecten demissus, PhU. 

,9 cequivalvis, Sow, 
Lima pectinoides^ Sow, 

„ sp. 
Flicatula spinosa. Sow. 
Avicala inequh'alvis. Sow, 
Rhjncbonella tetrahedra. Sow. (one specimen). 

The deep, winding, branching, and pioturejsque little valleys which lie on 
either side of the spur, capped by Inferior Oolite, overlooking Wardley, reveal 
on either side, in their steep and scarped slopes, many indications of &e 
presence and some good sections of the Marlstone Rock-bed. The valley to 
the north-west, known as Bushy Dales, exhibits the junction of the Marlstone 
with the overhing Upper Lias ; in the south-eastern or Deepdale we can trace 
below the Rock-bed, in the sides of the stream, the blue clays, sandy beds, inmure 
ferruginous bands, and courses of argillaceous nodules of the lower part of the 
Marlstone. 

Along the south bank of the Eye Brook there are but few exnosures of the 
Middle lias. At AUexton is a pit passing through the base of the Upper Lias 
into the Rock-bed, the details of which section will be ffiven hereafter. Near 
the great coach road at the village of East Norton there are several small 
and unimportant exposures of the Marlstone, but about the village of Tugby 
it can generally be traced only by the form of the ground. 

At Uodeby the Marlstone Rock-bed can be seen in some ditches on the 
spurs above the village. The remarkable manner in which the stratum is here 
reduced to only % foot or two in thickness, while it has at the same time 
almost wholly lost its calcareous character and its hardness, is veiy striking ; 
especially when we remember that the locality is only about four miles distant 
from that of Robin-a-Tiptoes, where, as we have seen, the rock attains its 
maximum dimensions. But insignificant as the rock has become, it has still 
been able to resist denuding forces to a much greater extent than the days above 
and below it, and consequently forms a well marked and very conspicuous 
escarpment. At Cross Barrow Hill between Gloostone and Cranhoe. the Rock- 
bed is still very thin but harder and more calcareous than at Godeby ; it is 
here dug, under seven or eight fleet of boulder clay, for road metal, the shallow 
pits being filled up again as soon as the stone is taken out. At this place 
a considerable number of fossils, of the usual roecies found in the rock, were 
collected. Above the village of Cranhoe the Rock-bed is exposed at a few 
points of the steep escarpment. 

Along the whole of their outcrop from Deepdale to beyond Cranhoe the 
lower beds of the Middle Lias series are almost wholly unknown, owing to the 
prevalence of drift at the lower levels at which they are developed. But at 
Cranhoe brickyard we have an interesting exposure of these beds, consist- 
ing of light-blue, stratified days, with layers of concentric bidls of ironstone 
wfich fidl to pieces on exposure to the air. These nodules contain numerous 
but imperfectly preserved fossils, and it is evident that the beds which oontsin 
them are near the junction of the Middle and Lower Lias ; the spedes collected 
here were as follows : — 

Fossils from Cranhoe brickyard {base of the Middle Lias series), 
Belemnites sp. 
Anunonites Henlevi, Sow, 

„ sp. indet. 
Pecten liasianus, Nyst,, sp. 

„ se^uivalvis, Phil. 
Avicula insequivalvis. Sow, 
Lima pectinoides. Sow. 
Cardium truncatum, Sow, 
Leda complanata, Phil, 
CucuUa^a sp. 

Crenatula ventricosa (?), Sow. 
Pentacrinus sp. 
Some of the nodules here contain Specular Iron. 
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The same .beds are seen in the Cranhoe brickyard ; they appear also in 
the western slope of Cross Barrow Hill and on an adjoining eminence, where 
the7 were exposed in field drains. 

The series of narrow and sinuous valleys cnt by the Hallaton Brook and its 
numerous tributaries exhibit the escarpment formed by the Rock-bed running 
round the flanks of the hiUs which bound them ; but there are few good ex- 
posures of the Middle Lias beds. 

Near the bridle-road leading from Keythoroe to Hallaton, and at the point 
where it crosses the brook, some old pits exhibit the following section :— 

Upper lias. — (1.) Laminated shales with traces of the "fish 

and insect beds " at the top • - 5 to 6 feet. 

Middle Lias.— (2.) Marlstone Rock-bed with usual characters 
containing numerous Belemnites, Am- 
monites annulatus, Terebratula punc- 
tata, &c. As is often the case with this 
rock, it here contains numerous rounded 
pebbles or concretions - - - 1 ft. seen. 

(3.^ Light-blue clays passing down into. 
(4.) Clays with bands and layers of nodules of 
ferruginous and micaceous rock. 
The irreffular mode of recurrence of the diminutive representative of the 
Marlstone Rock-bed is iUustrated in the following sketch of a section seen at 
this point (Fig. 6). 



Figure 6. Section exhibited m a pit between Keytkorp and Hallaton (Leicester- 

shire,) 




Upper Lias 



a. Soil, &c. 

/ b. Nodular limestones of the Fish and Insect limestones. 

Lc. Clays. 
«. , ,. T ;«o / *^' Marlstone Bock-bed. 
Middle Lias |^. ciay8,&c. 

Alon^ the sides of the valley near this spot there are numerous traces of old 
pits which have been opened in the Rock-bed, and the same formation is again 
seen near the entrance to the village of Hallaton. 
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At Hallaton brickyard we find nodular ferruginous beds alternating with 
blue^ micaceous, sandy clays, which yield the following fossils :— 

Ammonites margaritatus, De Montf, .varieties. 
Avicula insequivalvis. Sow. 

„ sp. 
Pecten liasianus, Nyst. 

„ sp. 
Cardium truncatum, Soto. 

Below these beds dark-blue clays, with many fossils, were formerly dug. 

Near Hallaton Ferns the Marlstone Rock-oed, with the overlying Upper Lias 
shales, were exposed in a series of field drains along the side of tne brook. 
See page 83. 

Just above Hominghold, on the road to Hallaton, the Rock-bed is seen as a 
thin band of brown, micaceous, sandy stone, full of casts of fossils including — 
Ammonites annulatus, Soto. 
Rhynchonella tetrahedra. Sow, 
Below are light-blue clays, in places full of thin ferruginous bands. Traoea 
of the same sandv and ferruginous beds are seen in the banks of several brooks 
in the neighbourhood, and were also exposed in some field-drains about the 
village. 

By the side of the brook at Blaston St. Michaers, and near the road leadinf|r 
to Stockerston, we find the beds representing the bottom of the Middle Lias 
series. These consist of a soft, ferruginous and niicaoeous ' sandstone full of 
casts of fossils, including— 

Cardium truncatum. Sow. 
Avicula novemoostie. Brown, 
Nucula sp., &c. 
Near to the same village we find traces of sandy, ferruginous beds similar to 
those representing the Marlstone Rock-bed at Neville-Holt, and underlaid as 
at that place by hght-blue days containing ironstone balls. 

Near Medboum the lowest calcareous and nodular beds of the Upper Lias 
(the " Serpentinus Beds," &c.) are of a ferruginous character, and, but for the 
highly characteristic fossils which they yield, might be mistsJcen for the Marl- 
stone Rock-bed. The latter is represented in a very attenuated form by a 
bed of ferruginous sandy rock with few fossils ; it is underlaid by clays more 
or less sandy, with bands of concentric, ferruffinous nodules. 

At the foot of the Hill on which the NeviUe-Holt ironworks were opened we 
find, in a cutting made for the railway incline, the " Serpentinus-Beds ' and the 
" Fish and Insect Beds *' of the Upper Lias underlaid by the Middle Lias 
series, which is here constituted as follows : — 
(1.) Irregular beds of micaceous and ferruffinous, sandy rock full of casts of 
sheUs. These form two or three beds of stone, which are in places 
more or less calcareous. They do not, however, present the character- 
istic features of the Rock-bed, but are always of a more or less 
nodular character. They contain Belemnites, usually grouped together 
in considerable numbers in certain parts of the rock, and also a few 
rounded pebbles or concretions like those of the Rock-bed. llie species 
of fossils found in these bands were as follows : — 

Pecten liasianus, Nyst, (large, 5 inches in diameter). 
Avicv^ novemcostse. Brown (A. sBquivalvis, Sow, var.). 
Cardium truncatum, Sow, 
Leda complanata, Phil, 
(2.) Light-coloured clays containing bands of ironstone nodules. These are 

of considerable thickness. 
(3.) The lowest beds seen at this point are exposed in the brickyard below, 
and consist of blue, micaceous clay, containing flattened nodules of 
clay-ironstone with a few fossils : — 
Belemnites (fragments). 
Ammonites capricomus, Schloth, 
Leda complanata, Phil, 
Cardium truncatum, Sow, 
Ostrea sp. 
Wood. 
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It may be considered by some as open to question whether, at this and some 
other points, the Marlstone Rock-bea has not been wholly removed by denuda- 
tion before the deposition of the Upper Lias Clay. The more probable opinion, 
and that which has been adopted by the Survey, is that the Marlstone Rock- 
bed is represented in a fpreatly attenuated and rudimentaij condition by the 
nodular bands which occur at the top of the Middle lias Series. Indeed, at 
some points there occurs a transition from the irregular and inconstant nodular 
bands to a well defined rock-bed presenting the characteristic features, both 
lithological and palseontological, of the highest member of the Middle Lias. 

Near Asbley, on the road to Wilbarston, the Rock-bed of the Marlstone is 
clearly exposed, and is seen to consist of several beds of stone, sometimes of 
a decidedly calcareous character, and containing the peculiar flattened nodules. 
These beds are interstratified with clays ; they are underlaid by a thick series 
of shales and covered by the beds containing the " J^ish and Insect Lime- 
stones '* of the Upper Lias. At several other points near the same village the 
beds at the junction of the Middle and Upper Lias are more or less distinctly 
seen, and the Rock-bed is of sufficient importance to«give rise to a very distinct 
feature in the contour of the country. The same rock, with precisely similar 
characters, is seen about the village of Ashley, especially in a cutting beside 
the road leading to Stoke Albany. Between East Carlton and Ashley beds 
of sandy, brown day were exposea in field drains; these yielded a specimen of 
Ammonites margaritaius, De Montf. 

About the vUlase of Sutton Basset beds of light brown, sandy stone occur, 
which must probably be regarded as the representative of the Marlstone Rock-, 
bed, though thev have yielded but few of its characteristic fossils. 

Tlie lower beds of the above section were seen in a well, the higher beds in 
the pits of the brickyard. 

In another brickyard, lying to the north of the last, we find the following 
section : — 

(1.) Soil and Boulder Clay 3 feet. 

(2.) Upper lias Clay - - - - - - 2 feet. 

(3.) Rock-bed of the Marlstone (as in last pit) - - - 4 feet. 

i4.) Brown Clay, containing nodules of ironstone - - 3 feet. 

5.) " Skerry," a thin band of ferruginous, micaceous rock, 

crowaed with fossils - - - - - 6 inches. 

(6.) Laminated, light-blue clay containing much mica, weathering 

brown near the joint planes - - - - 8 feet. 

(7.) A thin band similar to (5). 

In another pit to the north of this the bed (7) is found to be underlaid by 
about 7 or 8 feet of clay, and this in turn by a continuous bed of stone. 

At Little Bowden bnckjrard, which is probably not much below the level of 
these pits, we find the micaceous clays of the Capricomus-beds forming the 
top of the Lower lias series. These nave been already noticed. It is clear 
from the sections about Market Harborough that the whole Middle Lias is 
there very thin and its several beds of a somewhat inconstant character. 

Southwards from Harborough, the outcrop of the Middle Lias beds is almost 
wholly obscured by drift, until we come to tne Oxendon Magna tunnel on the 
Northampton ana Market Harborough Branch of the London and North- 
western Railway. In this tunnel and the cuttings near it the Marlstone 
Rock-bed, with its characteristic fossils, was exposea. It is remarkable, con- 
sidering the insignificant character of its beds, how bold an escarpment is formed 
by the Middle Lias in the country immediately to the west, namely, the ridge 
on which stands the villages of East Famdon, Clipston, Sibbertoft, &c. 

Behind Dingley Lodge is a pit showing the " Serpentinus-beds," and a trace 
of the " Fish and Insect Limestones " of the Upper Lias, lying upon the Rock- 
bed of the Marlstone, which is here distinctly calcareous and contains the 
usual fossils. 

About Market Harborough and Great and Little Bowden the Middle Lias is 
seen in a very attenuated condition, as already noticed, and is exposed to obser- 
vation in some very interesting sections. In the brickyard opposite to the 
railway station, under the lower beds of the Upper Lias (wnich are here, 
as at many points in the Midland district, sandy and ferruginous, and might 
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easilv, if regard were not paid to the fossils, be mistaken for the Middle 
lias), we find the following beds, underlying those noticed on page 87. 
(10.) Rock-bed (7) consisting of a laminated, ferruginous sandstone, con- 
taining much mica ; with 

Ammonites margaritatus, De Montf. (several Tarieties). 

Belemnites paxiUosas, Schloth, 

Cardium troncatum. Sow. 

lima sp. 

Avicula novemoostse. Brown, 

(11.) Brown clay 2 to 3 feet. 

(12.) " Skerry ''^ or ** Kale," with nodules, containing— 

Cardium truncatum. Sow. 

lima sp. 

Avicula cygnipes, Phil. 

(13.) Brown Clay 2 ft. 6 in. 

(14.) Blue Clay 7 to 9 ft. 

(16.) " Skerry^' (brown sandy stone) - - - - 1 ft. 6 in. 

(16.) Brown Clajr 2 to 3 feet. 

(17.) Rock in which an abimdance of water was obtained, and 

which prevented further sinking - - dug to the depth of 2 feet. 

Inliers. — South of the Vale of Gatmos, two long narrow iniiers 
of the Middle Lias strata are exposed, in consequence of the rivers 
Chater and Gwash having cut their valleys down through the 
Boulder Clay and Upper Lias^ which form the high plateau in 
that part of the district. In these inliers the Marlstone Rock- 
bed is found cropping out, like a led^e near the sides of the 
valleys^ or sometimes forming tolerably level floors at their 
bottoms. Where the Rock-bed is cut through, the underlying 
clays, sands, &c. of the Middle Lias are occasionally exposed in the 
river banks. 

Along the valley, of the Gwash at the village of Braunston^ and ttom that 
village eastwards towards Brook and westwards towards Knoesington, as also 
along the valley of the small tributary which the stream receives horn the 
north, the Middle Lias beds are exposed at a number of points. The ftock- 
bed has been dug south of Flittens Park, and a large pit opposite to Biook 
Hall shows the formation with its usual characters ana fossus. The outoop 
of the hard calcareous rook makes a vezy distinct feature in tiiis valley, and 
below it, in artificial openings at the village of Braunston and in the river 
banks at some other points, I saw traces of the underlying beds of the Middle 
Lias series presenting their usual characters. 

The River Chater, at Laund Abbey and in the valley westward and eastwaid 
for a total length of about four miles, has similarly denuded away the Boulder- 
Clay and Upper Lias covering, and exposed the beds of the Middle Lias below. 
Onooth sides of the stream below Liaund Abbey we have a tolerably good 
section exposed of the calcareous and somewhat shelly Rock-bed, which is here 
of moderate thickness, and of the light-coloured clays with ironstone balls and 
the ferruginous, sandy beds which underlie it. Near Coles' Lodge there is a 
pit in the Marlstone Rock-bed ; the stone is here full of the usual fossils, and 
contains bands ("jacks ") almost wholly made up of specimens of RkynekomMi 
tetrahedra. Sow., and TerebratiUa punctata. Sow., all filled with calcspar. In 
the deep lateral valleys west of Withoote Lodge, and between Coles' Lodge and 
Swinthley Lodge, other pits in the same bed have been opened ; also to the east- 
ward, on the opposite side of the valley to Leighfield Lodge, where a toleiably 
ffood section of the Rock-bed was at one time exposed. Near the sources of 
Sie River Chater and at the foot of Whadborough Hill and Robin-a-Tiptoes, 
temporary openings yielded other good sections of the Rockbed which is K>ttnd 
to thicken rapidly towards the west. 

Outliers. — The outliers of the Middle Lias in the district are 
small and of comparatively little importance. They constitute two 
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hills in the south-west comer of Sheet 64^ one of which is crowned 
by Slawston Windmill, while the other was formerly the site 
of the Staunton Wyvile Mill. In both cases the upper portions 
of the hill are formed of beds higher in the geological series 
than the Middle Lias ; in the former case of the Upper Lias Clay 
with a very thin capping of the Northampton Sand, in the latter 
of the lower beds only of the Upper Lias. In each case the hard 
beds at the top of the Middle Lias Series give rise to a very 
marked feature in the contours of these hills, namely a flat 
ledge and steep declivity intervening between the gradual slopes 
formed by the Upper and Lower Lias Clays respectively. (Plate V.) 

The HaUaton Brook separates the outlier of Slawston Hill f^m the main 
mass of the Middle Lias. Near Medboume Mill the thin beds of Marlstone 
Rock-bed were exposed in some road-cuttings ; above them were well seen 
the ^* Serpentinus-beds " and the " Fish and Insect beds " of the Upper Lias ; 
below them^ ferruginous, sandy, micaceous shales with layers of concentric 
nodules of ironstone. The Marlstone Rock-bed is here constituted by several 
layers of soft, brown, sandy, micaceous, and ferruginous rock, each layer being 
about one foot thick, interstratified with light-blue, micaceous clays ; the stone 
bands contun Amcula novemoostm. Brown, and Leda complanata, Phil. sp. 
Owing to the small quantity of calcareous material in it, the Rock-bed here does 
not present its usual characters, but more nearly resembles some of the bands 
usually found lower down in the Middle Lias Series. In the road east of 
Slawston MiU a number of ditch-cuttings show the succession of beds to 
be as follows :— 
(1.) Clays. 

(2.) Ferruginous beds with Ammonites serpentinus. Rein. 
(3.) Clays with nodules of the Fish and Insect limestone. 
(4.) Brown, sandy, ferruginous beds with but very little calcareous 
matter. Casts of shells. 
Cardium truncatum, Sow. 
Leda complanata, Phil., sp. 
(This is here a very inconspicuous bed and does not at all 
resemble the Rock-bed in its normal aspect.) 
(5.) Whitish clays with nodules of ironstone. 
On the south side of the same hill we have a good exposure of the beds 
forming the Middle Lias and the base of the Upper Lias. The surface of some 
of the fields here is literally strewn with fragments of Ammonites serpentinus. 
Rein., Ammonites faleifer. Sow., Ammonites bifrons, Brug., and Belemnites. 
We have at this place the following succession of beds :— 

(1.) Ferruginous, sandy beds with Ammonites serpentinus. Rein., &c. 
(2.) Paper-shales with limestone nodules. 

(" Fish and Insect beds ") 
(3.) Marlstone Bock-bed, here very inconspicuous and scarcely trace- 
able. 
(4.) Clays with bands of soft, yellow and brown, sandy ironstone full of 
small shells, Cardium truncatum. Sow., Pecten €Bquivalvis, Phil., 
&c. 
(5,) Clays with ironstone balls. 
(6.) Clays (imperfectly seen). 

(7.) Hard, ferruginous and somewhat calcareous bed, perhaps the 
lowest of the Middle Lias series. 
The Middle Lias at this spot may be from 60 to 70 feet in thickness. 
At the north-west end of Slawston MiU outlier the Rock-bed of the Marl- 
stond present»its usual characters, and consists of a hard calcareous rock con- 
taining Avicula novemcostm. Brown, Rhmchonella tetrahedra. Sow., and Tere-^ 
bratula punctata. Sow. Large masses of carbonate of lime, crystallized in the 
forms known as ** Dog-tooth Spar" and "Nail-head Spar," are seen in the 
rock at this place. A series of road-cuttings also exhibited the beds at the 
base of the Upper Lias, wUch are here ferruginous, together with the series of 

82108. F 
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light coloured^ very feiruginous, sandy shales, oontaining ironstone nodules of 
concentric structure and some sandy biands, which here underlie the Rock-bed of 
the Marlstone. These heds are similar to those exposed in the Cranhoe brick- 
yard on the opposite side of the valley. 

In the hill on which Staunton Mill formerly stood, thin beds of brown, 
sand^ ironstone cap the long ridge and are at the northern and highest pArt of 
the mil covered by a small patch of the Upper Lias Clay. The brown, sandy rock 
is shown by its fossils to be an attenuated form of the upper rock of the 
Middle Lias ; it is underlaid by a series of ferruginous, sandy shaled, now very 
imperfectly exposed, but which were formerly dug for brickmaking in a pit on 
the eastern side of the hill. 
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CHAPTER IV. 

THE UPPER LIAS. 

This division occupies a lai'ge area in Sheet 64; it is usually, 
however, concealed by Drift, except on the steep slopes of the 
escarpments formed by the Inferior Oolite. Throughout the 
district its thickness is about 200 feet, and it consists almost 
entirely of clays. Its principal members are as follows : — 

a. ^ Paper- Shales with Fish and Insect Limestones,*^* — These 
consist of finely laminated, blue shales, with bands of flat nodules 
composed of argillaceous limestone of a blue colour^ but weathering 
white; these beds under the influence of frost become extremely 
fissile. The surfaces exposed by the bedding planes, both in the 
shales and limestones, are often completely covered with scales 
and other portions, of fish with fragments of crustaceans and 
insects. Complete specimens appear to be very rare, but a very 
fine example of a fish is said to have been found at Edmondthorpe 
in making the Oakham and Melton Canal. Besides the fossils 
we have already mentioned there occur in these beds plant 
remains and wood converted into jet, a few Ammonites of the 
same species as in the " Serpentinus-beds " above, but always oi 
small size, numerous minute univalves and some small bivalves 
as Ihoceramus dubitis, Sow., Pecten sp.^ Ostrea sp,, &c. Slight 
exposures of these beds have been found at many points and they 
appear to be everywhere present in the area, though varying greatly 
in thickness, and in the number of bands of limestone which they 
contain ; they may be best studied in pits at Allexton, Barley- 
thorpe, between Keythorpeand Hallaton, and beside the canal 
at Edmonthorpe. As is well known, these beds extend southwards 
into Gloucestershire and Somersetshire, where they have been 
described by ^ the Rev. P. B. Brodie and Mr. C. Moore. At 
Allexton these limestones are dug and sent to Tugby, where 
they are burnt and make a hydraulic lime said to be equal to 
that of Barrow-on-Soar. ^ 

h, " Serpentinus'Beds!* These beds are always found lying 
immediately above the former ; they consist of clays with layers 
of nodules of limestone of much coarser texture than those of 
the ^^ Fish and Insect Beds.'' These beds are crowded with 
Ammonites, mostly belonging to the group of the Falciferi, and 
often of large size, such as A. serpentinus, Rein.; A.falcifer, Sow. ; 
A. LythensiSf Y. & B. ; A. elegam, Sow. ; A, concavus, Sow. ; and 
A. radialis. Rein., with some Belemnites and other shells. So abun* 
dant are these Ammonites that when the land has been recently 
drained it is strewn with their fragments, and it is almost always 

' These beds, as I have before suggested, might conveniently be named the 
''Dmnbleton Series" from the locality at which they were first studied by th« 
Bey. P. B. Brodie. 

F 2 
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possible by their means to detect the outcrop of the beds containing 
them, even in ordinary ploughed fields. Occasionally, as at Market 
Harborough and near Hallaton Ferns, the Serpentinus limestones 
become ferruginous, when they are liable to be mistaken for 
part of the Marlstone Rock-bed, from which, however, they are 
readily distinguished by their fossils. 

c. ** Communis'Beds.^ At a little distance above the *' Serpen- • 
tinus-beds " there are found beds crowded with small specimens 
of Ammonites usually of the group of the Planulati (A, communis^ 
Sow., A. annulatusy Sow., &c.), Belemnites irregularis^ Schloth. ; 
Astarte sp, and other shells also occur. These beds were well 
seen in the foundations of the blast furnaces at Neville-Holt, in 

a railway-cutting between Oakham and Ashwell, in that near 
Manton station, in a pond in Tugby Park, and in the Tugby 
brickyard, as well as in numerous field-drains, &c. 

d. The middle portion of the Upper Lias Clay, to the thickness 
probably of about 100 feet, consists of dark-blue clays charged 
with large quantities of pyrites and jet, often .in large masses; 
when exposed to the atmosphere these clays become light-coloured 
and exhibit much selenitc with numerous bands and concentric 
balls of hydrated peroxide of iron formed by the decomposition of 
nodules of iron pyrites. Fossils are usually very rare in these 
beds which are exposed in the brickyards at Moor Hill Lodge, 
Great Easton, and that at Oakham on the road to Knossington, 
also in the railway tunnels at Manton and Morcott 

€, ^ Leda ovum Beds!* — The highest beds of the Upper Lias 
consist of clays with numerous layers of septaria, everywhere dis- 
tinguished by the abundance of specimens of jL«(faoi;tfm, Sow., sp. 
The prevailing Ammonite is A, bifrons, Brug., which occurs in 
great numbers ; the Planulate Ammonites are also numerous, and 
attain to a much larger size than in the " Communis-beda *' below ; 
they are represented by A. communis, Sow., A. annulatus. Sow., 
A, crassusj Phil., A, Jibulatus, Sow., A. Holandrei, lyOrb. &c. ; 
species of the group of the Falciferi are comparatively rare, 
but Am, heterophyllus^ Sow., is tolerably abundant. BelemniteSf 
Myadtes donaci/ormey Phil., Area truncata. Sow., Discina reJUxa^ 
Sow., also abound in these beds. I have seen them well exposed 
at Thornhaugb, Manton, Stamford, and Stanion Mill ; they are 
dug for brick-making at Rockingham, Gretton, Helpstone, Pilton, 
and Seaton Station. 

The clays of the Upper Lias occupy the wide undulating plains, 
which lie between the two escarpments formed by the Inferior 
Oolite and the Marlstone Rock-bed respectively. Composed of 
beds which are easily denuded and are almost always covered with 
drift, the exposures of this formation are few in number, and not 
often of such a character as to enable us to study its relations to 
other strata or the succession of its own beds ; in these respects 
it resembles the Lower Lias Clays. 

The great mass of the Upper Lias in this area, which stretches 
from the north of Wymondham to south of Bravbrook, and attains 
its greatest breadth between Tilton-on-the-Hill and Barrowden, 
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cted by many winding valleys, which cut down deeply 
'to expose the Middle Lias strata, sometimes forming 
the midst of the Upper Lias. On the other hand, the 
9rtion& of the Upper Lias are capped by the beds of the 
[OoUte, which tbrm outliers, often of great size, scattered 
! district of the Upper Lias. The valleys which breach 
lit escarpment oF the Inferior Oolite, namely those of the 
Lrwash, Chater, and Welland, and their numerous tribu- 
\re cut down to the level of the Upper Lias, but the bottoms 
valleys being masked by superficial detritus, its beds are 
seldom exposed in them. 

A few small outliers of Upper Lias rising above the plateaux 
of the Marlstone Rock-bed also exist, as those of Great Bowden, 
Slawston, Staunton Mill, and Barley thorpe, and some of these are 
capped by beds of Inferior Oolite. 

The Upper Lias also forms a series of inliers in the midst of 
the Lower Oolite plateaux. Some of these form the bottoms of 
the valleys of the rivers which cut through these strata, which, as 
we shall show, thin out rapidly to the eastward, so that the Upper 
Lias is reached at comparatively small depths. This is the case 
in the parts of the valleys of the Glen, the Wansford Brook, and 
the Welland. In other cases, as at Stanion, Corby, and Help- 
stone brickyard, the Upper Lias is brought up by faults and 
exposed as inliers along the lines of certain small valleys. 

Along the line of the Barford Brook, bv Desborough, Rushton, Newton and 
Geddington, the Upper Lias Clays can be easily traced at the base of the 
escarpments of Northampton Sand, which form the sides of the valley. But 
along this line there are no valuable and instructive sections. 

Near Braybrook there are some small exposures of the Upper Lias, 
prindpaily in ditch-cuttings. 

The Oxenden Magna tunnel, on the London and North- Western Railway, 
leading from Market* Harborough to BUsworth, and situated on the edge of 
Sheet 64, passed through the Upper Lias Clay, which is here thickly covered 
with Boidder Clay and other diin. In the heaps of cla^ brought out from this 
catting numerous Upper Lias fossils may be collected, ificluding, — 
Ammonites serpentinus. Rein, 
M liEdcifer, Sow. 
„ oonmiunis, Soto. 
„ Holandrei, lyOrb. 
&c. &c. 

Behind Dingley Lodge a pit shows the Serpentinus beds with traces of the 
fish and insect limestones wnich lie at the base of the Upper Lias series. These 
are seen to repose on the thin representative of the Marlstone Rock-bed, which 
contains the usual fossils. 

From Stoke Albany northwards, the Upper Lias forms the slope of the 
steep escarpment of the Inferior Oolite and also the plains which streteh along 
its foot; sections are however very scarce. 

At Sutton Basset Mill the Upper Lias Clay was reached in sinking a well. Just 
above Ashley, on the road to Stoke Albany, the lowest beds of the Upper Lias, 
containing AmmoniteB serpentinus. Rein., are seen. Between East Carlton 
and Ashley a number of field-drains exposed some of the middle beds of the 
Upper Lias, consisting of stiff, blue clays which yielded, — 
Ammonites conununis. Sow, Very abundant. 

„ bifrons, Bruff, 
Belemnites, sp. 
Fossil wood. 
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At Rockingham brickyard (half way between Rockingham and Cottingham) 
the highest beds of the Upper Lias are exposed. The blue clavs, which are 
dug for brick-making, contain much pyrites and the fossils are badly preserved. 
They include the following :— 

Ammonites bifrons, Brug. 

sp. 
Belenmites compressus, Voltz, 
Ostrea sp. 
Pecten sp. 

Inoceramus dubius, Sow, 
Leda ovum. Sow., sp. 
Astarte sp. 
Rhynchonella sp. 
Between Rockingham and Harringworth the straight and steep slope, formed 
by the Upper Lias lying under the great plateau of Inferior Oolite, is very 
striking. In the sides of the numerous roads leading up this slope the Upper' 
Lias Chky can be frequently examined, but there are few deep sections. It is 
also sometimes exposed along this escarpment in ditches and neld-drains. 

At Great Easton there is a brickyard in the Upper Lias Clay. In one part 
of the pit a layer of ironstone nodules is seen in the midst of the clays. 
Ammonites, Belemnites, and wood in the form of jet are found in this pit. 

At the iron-works at Neville- Holt we have a number of interesting sections 
illustrating the Upper lias Series. The upper portions, consisting at the top 
of dark-blue, pyntous clays, and lower down of lighter-coloured clays witn 
ferruginous banding, are imperfectly seen. Towards the lower part, the 
excavations for the foundations of the blast-fumaoes showed clays crowded 
with small specimens of Ammonites communis. Sow., and its varieties. The 
fossils obtained here were : — 

Ammonites annulatus. Sow. 
„ communis. Sow, 

„ Holandrei, D'Orb. 

„ craasus, PhU, 
„ bifrons, Bruo, 

Belenmites oompressus, Voltz. 
Nucula sp. 
Astarte sp. 

Posidonomya Bronnii, Voltz, 
&c. 8cc. 

Below these, in a cutting for the railway incline, we find the Serpentinus beds 
consisting of clays with argillaceous limestone nodules, containing Ammcuites 
serpentinus. Rein., Am. elegans. Sow., &c. &c. Under these again occur the 
finely laminated clays (paper-shales) containing the flattened nodules of light 
coloured argillaceous limestone, with remains of fish, insects, and crustaceans. 
The " fish and insect beds " rest directly upon the thin representatives of the 
Middle lias. (See page 74.) 

At the bottom of the valley, on the road from Neville-Holt to BUston, a 
number of field drains exhibited, at the time the district was being surveyed, 
admirable sections of the paper-shales and fiah and insect limestones of the 
base of the Upper lias, with their usual characters and fossils. Above them 
the Serpentinus beds were well seen, crowded, as usual, with specimens of 
Cephalopods, including — 

Belemnites compressus, Voltz. 
Ammonites serpentinus. Rein, 

„ falcifer. Sow. 

„ bifrons, Brug. 

„ radians. Rein. 

„ heteroph^llus. Sow. 

„ communis. Sow. 

„ crassus, Phil. 

Just above the village of Blaston St. Giles, on the road to Medboum, a pit 
opened for obtaining clay to puddle a pond, exposed the Serpentinus beds, the 
paper-shales and the fish and insect beds at the base of the Upper Lias Series. 
A little above this was another pit in the ordinary Upper lias Qays. 
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On the left bank of the Btream at HaUaton Ferns the junction of the Upper 
and Middle Idas was well seen in a number of field-dndns. The succession of 
beds here is as follows : — 

ri. Dark-blue clays. 

I 2. Ferruginous beds with Amm(mite8 serpentinus. Rein. 
Upper lias. < (abundant), and Am, bijrtms, Brug. 

I 3. Paper-shales, with fish and insect lunestones (usual 
t fossils). 

r 4. Sandy, ferruginous band with casts of shells. (Marl- 
Middle Idas. < stone Rock-bed ?) 

L 5. Light-coloured clays with ironstone balls. 
Near the bridle road from Keythorpe to HaUaton, at the point where it 
crosses the brook, some old pits snow the base of the Upper Lias, consisting 
of 5 or 6 feet of laminated shales, with traces of the nodular limestones, with 
fish and insect remains ; these rest upon the Middle Lias beds which have 
been already described at this place. (See page 73.) 

Opposite to Moor HiU Lodge there is an extensive brickyard in the Upper 
lias Clays. In this and a pond above we have a section of at least 50 or 60 
feet of the series. The highest beds seen consist of laminated, light-coloured 
clays, with irregular, brown, ferruginous bands in the lines of stratification. 
The lower part consists of 'blue clays with few septaria, but with much pyrites, 
both in noaules and disseminated through the mass, and, in consequence, the 
weathered beds exhibit much Selenite, often in very krge and beautiful 
crystals. Fragments of Belemnites occur in this pit, and Ammonites are also 
found, but I saw none sufficiently well preserved for identification. The clays 
exposed in this pit probably belong to the middle portion of the Upper Lias^ 
which is generally very unfossiliferous. 

In Keythorpe Fark a pond, dug in the lower part of the Lias Clays, exhibited 
the richljr fossiliferous bands crowded with small Ammonites, kc, which 
characterise that part of the series. I collected here — 

Anunonites communis. Sow, (Very abundant.) 
„ annulatus, Sow, (Veiy abundant.) 

Hohmdrei, D'Orb. 
„ radians. Rein, (Abundant.) 

„ bifrons, Brug. 

Belemnites compressus, Voltz, 
Leda ovum. Sow., sp. 
Inoceramus dubius, Sow. 
&c. &c. 

The brickyard opened on the opposite side of the road to Tugby Hall 
exhibits the same oeds, consisting or finely laminated, blue climi with a few 
septaria. These clays when dug show a few small crystals of Selenite. llie 
beds are crowded with small fossils of the same species with those found at the 
last noticed locality. 

At several points about the village of East Norton, and also at Finchley 
Bridge, ro&dside cuttings and field-drains have exposed the fish and insect 
beds with the usual fossils. Small bivalves, such as Inoceramus dubms. Sow.; 
and Peetens with dwwfed Ammonites occur in some of the bands of flattened 
limestone nodules. 

An interesting pit at AUexton exhibits the following section of the lower 
beds of the Upper Lias. 

1. Soil- 1ft. 

2. Blue, laminated clay - - - - - 6 ft. 

3. Irregular, stony band ("kale") full of Ammonites serpen- 

tinus. Rein., Belemnites, and other fossils - - 1 to 2 ft. 

4. Laminated clay - - - - - -6 in. 

5. First, irregular bed of hard, argillaceous limestone - - 6 in. 
6*. Laminated clay - - - - - -1ft. 

7. Second, irregular bed of hard, argillaceous limestone - 6 in. 

8. Laminated clay - - - - - -1ft. 

9. Third, or Best bed of limestone - - - - 3 to 6 in. 
10. Laminated clay - - - - - - 4i in. 

U. "Kale" - , 6 in. 

12. Marlstone Rock-bed full of the usual fossils; 4 courses of 

stone - - . - - - together 2i ft. 
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In the clays lar^ masses of wood, converted into jet> are found. These, after 
being soaked in oil to prevent cracking, are used hj the workmen and others 
for whetting razors. 

The three layers of limestone contain the usual fragments of fish^ insects, and 
crustaceans with the followinj^ shells : 
Belemnites sp. 

Ammonites serpentinus. Rein, 
„ elegans, Soto. 

„ annulatus. Sow. 
„ sp. 
Small univalves. 
Astrea, (small species). 
Inoceramus dubius. Sow, 
Astarte sp. 

X^ iynH. sp> 

Pteropema sp. 
Other small bivalves. 
Fragments of wood. 
The limestone, which is hard and fissile, and of a blue colour weathering white, 
occurring sometimes in continuous bands and at other times in nodules, is carried 
to Tugby where it is burnt for lime. It is said to produce a hydraulic lime 
fully eaual in quality to the celebrated " Barrow lime," which is made from the 
fish ana insect Umestones of the Lower Idas series. 

It is worthy of notice that the Serpentinus bed, which in many places is 
ferruginous and has often, when attention has not been given to the fossils, 
been mistaken for the Marlstone Rock-bed, is at Allexton, either not at all, or 
only veiy slightly coloured with oxide of iron. 

At Deepd^e traces of the fish and insect limestones of the Upper Idas are 
seen lying on the Marlstone. At several points about Lodington there are 
small exposures in the road-cuttings of the same beds. On the road between 
Tilton-on-the-Hill and Burrow-on-the-Hill, but near the former place, there 
is good evidence of the existence of the fish and insect limestones unmediately 
above the Rock-bed of the Marlstone. The same beds are seen at the top of a 
pit in the Marlstone at Pickwell. 

At Uppingham there is a brickyard opened in the highest beds of the 
Upper Loas clays, and here their junction with the Northampton Sand is well 
seen. The same portion of the Upper Lias series is'again exposed at the brick- 
yurd and in some roadside cuttings at Seaton. Here I collected — 
Ammonites communis. Sow, 
„ Holandrei, D*Orb, 
„ bifrons, Brug. 
„ ^ serpentinus. Rein, 
Belemnites compressus, Voltg, 
Leda ovum. Sow, sp., 
&o. &c. 

The tunnel at Morcott, on the Rugby and Stamford Branch of the London 
and North-Westem Railway, passed through the Upper Lias days, and frtim 
the spoil heaps about the air-shafts many of the characteristic AmmoniieM and 
other shells may be collected. 

In the railway-cuttings about liufPenham the Upper lias days are exhibited 
at several points, and between that village and Pilton a brickyard has reoentiy 
been opened in the beds of the same formation. 

At Manton, on the Leicester and Stamford branch of the Midland Railway, 
the Upper Lias Qays were dug in the shafts, cuttings, and tunnel, and the 
cl^ys are now used for brickmaking. The tunnel passed through the days at 
about 100 feet bdow their junction with the Northampton Sand. The clays 
here abound with masses of iron-pyrites. Ammonites bifrons, Brug, is abundant 
here, and Am, elegans. Sow., rare. 

At Manton Station a ditch-cutting exposes the " Communis-beds," lying 
towards the loi^r part of the Upper lias. They consist of blue days with 
small white septaria, the whole crowded with fossils, among which are the 
following spedes, — 

Ammonites communis. Sow. Very abundant. 
„ annulatus. Sow. „ 

„ Holandrei, D*Orb, 
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Ammomtes aerpentinus. Rein. Rare. 
Belemnites oompressusy Voltz, 

Leda oTum* Sow,, sp. 
&c. &c. 

South of Oakham on the road to Brook a small roadside cutting exposes 
the Fish and Insect limestones and clavs, lying on the Marlstone Rock-bed 
and covered by the Serpentinus beds, nere consisting of a single layer of 
nodules. 

At Langham brickyard (see description, page 70), the Serpentinus beds are 
present, and some bands of septaria below them seem to represent the Fish 
and Insect beds, but the characteristic fossil remains of the latter were not 
found at this place. 

The lailway-cuttings between Oakham and Ashwell pass through the Upper 
Lias days, and a slip in one of these exhibited, at the time th^ district was 
being surveyed, the beds crowded with small specimens of Ammonites com^ 
nutnii, Sow., 8cc. 

The long valleys which run up into the g^t plateau formed by the Lower 
Oolites, are often cut down to the Upper laas, which is, however, seldom ex- 
hibited in sections. Along the valley of the Gwash near Empingham, at 
Wild's Ford, where the Lias is thrown up by a fiauli, near Tickencote Lodge 
and at Ingthorpe the davs of the Upper Lias are seen. In the tributary of 
the Gwash which runs through Exton Park, the Upper lias clays were well 
exposed in making the reservoirs and ornamental water near the new Hall. 

From Burley-on-the-HiU northwards the Upper Lias clays form the slopes of 
a steep escarpment. They are exhibited at a number of points about Hurley, 
below Cottennore and around Barrow and Market Overton, but do not in this 
neighbourhood exhibit any features of special interest, nor are they exposed in 
any deep sections. 

The banks of the Oakham and Melton Canal, between Teigh and Edmond- 
tiiorpe, exhibit a nimiber of good exposures of the bottom Iwds of the Upper 
Lias resting on the Marlstone Rock-Md. 

A little south of Edmonthorpe there is a very fine section in the Fish and 
Insect beds. Here the limestones are very poorly devdloped, but the paper- 
shales themselves, which are of considerable thickness, are crowdea with 
fragments of fish, insects, and crustaceans. At this place a very perifect 
specimen of a fish is said to have been found during the cutting of the 
Canal. 

North of Wymondham and in the neighbourhood of the village, the Upper 
Lias is completely covered and concealed oy drift. 

Inliers. — In the valleys of the Welland and Chater, the Upper 
Lias clays^ which^ through the easterly dip^ were lost at Barrowden 
and Lufienham, reappear in consequence of the neat faults which 
run near Duddington and Ketton. The Upper Lias clajs 
here form the steep slopes below the Lower Oolites, but seldom 
afford good sections, fheir junction with the beds above is^ 
however, almost always marked by the outburst of numerous 
springs. 

At CoUjweston Parks there are the remains of a number of reservoirs or fish« 
ponds which have been dug in the clays and filled by such springs. At the 
UoUyweston Quarries some of the deeper wells have been sunk into the Upper 
lias clay to a considerable depth. At Stamford the Lias clay forms the bed of 
the river; in a deep excavation made at the gas-works I found Ammonites M- 
/roiM, Brug., Belemmtes con^ressus, Voltz., Leda ovtm. Sow., &c. &c. 

The same beds are met with in many wells in the southern part of the town of 
Stamford, where the great Stamford and Helpstone fiault has thrown the Upper 
lias ckv to a much higher level. The Upper Lias clayis dug at Lumby 's Terra 
Cotta Works. A boring here is said to have passed through 140 feet of Upper 
lias, and to have been carried to a depth of 500 feet. Unmrtunately, however, 
I was unable to obtain any reliable information as to the nature and thicknesses 
of the several beds passed through. This boring was undertaken in an attempt 
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to find ooal. The ornamental water of Burleigh Park rests on the Upper Lias 
clay, some small exposures of which may he seen in the neighhourhood. Its 
junction with the overlying Inferior Oolite heds can he tn^ed hy means of 
numerous springs in the Park. 

The great Stamford and Helpstone Fault also hrings up the Lias day so that 
it is exposed along the valley of the Wansford Brook. The hest exposure 
within the inlier thus formed, is at Thomhaugh, where a deep drain and well 
showed thick heds of hlue clay, the highest beds of the Upper Lias, containing 
much selenite and many fossils. Among the latter were :— 

Ammonites bi^ns, Brug, Very abundant. 

Belemnites compressus, Voltz. 

Leda ovum. Sow,, sp. 

Area, sp. 

Myadtes donaciformis, Phil, 
&c. &c. 

Near this place a well was sunk for upwards of 70 feet in the blue day 
without reaching the bottom. 

Along the valley of the Nene the Upper Lias clay forms the bed of the river, 
but it is very seldom that it is exposed, owing to the thick strata of gravel 
and alluvium by which it is covered. Deep wells, however, reach it, and I 
was able to detect it at a number of small openings between Wansford and 
Fotheringha]r» at Cotterstock, Oundle (where it was reached in a deep exca^'a- 
tion by the side of the railway^, and at Wadenhoe near the Mill. 

At Helpstone brickyard we nave a very interesting exposure of the Upper 
Lias Clay in a small inlier, which has been produced in consequence of the 
removal bv denudation of the upper part of a small anticlinal, into which the 
beds are here bent. The beds consist of blue, pyritous clays with much 
selenitei and are the highest of the series; they yield, — 

Ammonites bifrons, Brtig. Abundant. 
„ serpentinus, Rein. Rue. 
Belemnites compressus, Voltz, 
Nuoula ovum. Sow,, sp. 

Along the line of Harper's Brook fiiults bring in the Upper Lias davs as 
small inHers at Pipwell Abbey, Little Oakley, and Stanion. Although the 
position and relations of the Upper Lias clays can be readily traced in these 
mliers, there are no good sections in any of them, except the last mentioned. 
At Stanion Mill some excavations gave a good exposure of the' dark-blue, 
pyritous clays of the Upper Lias, yielding abundantly Ammonites bijrons, 
Srug., and Leda ovum. Sow., sp. 

The two small branches of the Willow Brook also expose, through the action, 
of a fault, two inUers of U]^per Lias, and in roadside cuttings, field-drains, 
and wells, tolerably good sections of these have been obtained. 

Lastly, in a small brook at Brigstock Parks where the beds are much 
faulted, an inlier of Upper Lias clay of very spall size is exposed. 

Outliers, — At the hill south-west of Cranhoe, which was 
formerly the site of the Staunton- Wyvill Windmill, we find the thin 
and imperfect representative of the Marlstone Rock-bed^ capped 
by a mass of Upper Lias Clays. These are seen near die foun- 
dations of the old mill, and in the ploughed fields numerous 
fragments of the small specimens of Ammonites communis, Sow., 
may be picked up. 

In the outlier which forms Slawston Hill, and which is just 
capped by a vestige of the Northampton Sand^ the highest beds 
of the Upper Lias are seen on the slopes of the hill. 

On the south side of the hill, where field-draining had lately heen going on, 
I found the surfisuse of the ground literally covered with fragments of Am- 
monites serpentinus, Rein., Ammonites bifrons, Brug., Am. falcifer. Sow., and 
Belemnites compressus, Voltz., also occur. Below, fragments of " the fish and 
insect limestone " abound. For the succession of beds here see the section given 



(3.) 
(4.) 
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on page 77. Near the same place I found some beautifdl exposures of tlie 
" Fiflh and Insect Limestones," with the usual lithological characters and 
organic remains. They are interstratified with the ordinary paper-shales, and, 
as usual, are immediately covered hy heds crowded with Ammonttes serpentinus. 
Rein, in the neighbourhood the '* Serpentinus-Beds " are markedly ferru- 
ginous, and, unless due attention is paid to the fossils, thev may be easily 
confounded with the Marlstone Rock-oed. On the east of Slawston Hill by 
the road leading to Medboum we have the following section : — 

(1.) Oay. 

(2.) Ferruginous bands. Serpentinus beds with usual characters, but 
no fossils were found here. 
Fish and Insect Limestones and Shales. 
Marlstone Rock-bed (imperfectl}' seen). 
At the north-west of Slawston Hill on the road to Cranhoe the ferru- 
ginous, rocky bands occur crowded with Ammonites serpentinug. Rein, and its 
allies, and resting on the shales containing the " fish and insect limestone nodules." 
Reld-drains in the neighbourhood afforded some beautiful exposures of the 
same beds, and a considerable number of fossils. 

At Great Bowden and Market Harborough there are two small outliers of 
Upper Lias. The only important sections here are in the Market Harborough 
brickyard, opposite to the railway station, and in the adjoining railway-cutting. 
Here we have the following section, — 

1. Soil - - - r - - - 1 ft. 

2. Boulder Clay 2 to 3 ft. 

3. Upper Lias Clay with Ammonites communis, Sow., and 
Beiemnites compressus, Voltz. It consists of laminated, 
blue clay weathering to a yellow colour - 1 to 4 ft. seen in the pit. 

'4. Hard, brown, ferruginous band of impure ironstone - 9 in. 

5. Softer and more sandy bed completely full of, — 
Ammonites serpentinus. Rem, 

„ bifrons, Brug, 

„ communis. Sow. 

„ Holandrei, lyOrh, 

Beiemnites compressus, Voltz,, and other shells - 9 in. 

6. Hard, very ferruginous bed - - - -3to6in. 

7. Ldght-blue, laminated days - - • -3to4ft. 

8. A thin vein of sandstone (very inconstant) - • about 1 ft. 

9. Light-blue, laminated clays - - - - 6 ft. 
10. Marlstone Rock-bed. 

For remainder of this section, see p. 76, 

At the Market Harborough brickyard, the " Fish and Insect limestones " 
were not detected. In the cutting just north of Market Harborough station 
the Serpentinus beds are again well exposed, and are seen to be crowded with 
the usual fossils. 

At Barleythorpe, near Oakham, there is a vestige of the Upper Lias Clay 
which has escaped denudation, and is seen lying on the top of the Marlstone 
Rock-bed. The section at a stone-pit here is as follows : — 
(1.) Soil. 

(2.) Blue clay 3 feet. 

(3.) Bed of white, very fissile, limestone with many com- 
pressed shells, and some obscure markings, which 
may be the renuuns of fish (and insects P) - 9 inches. 

(4.) Very finely laminated, whitish, shaley beds, with 
masses of jet and manv hard, flattened septaria, 
which give forth a fostid odour under the 
hammer - - - - . - - 3 feet. 

(6.^ Dark-blue, laminated, ochraceous shales with jet - 2 feet. 
(6.) Marlstone Rock-bed, with the usual rounded con- 
cretions and fossils. 
The limits of this small outlier are somewhat uncertain, and it nuiy be stated 
generally that the boundary between the Upper and Middle Lias is a very 
difficult one to trace, and over a large part of the area it has in consequence 
been represented on the map by a broken line. 
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In concluding the description of the Lias strata In this area, 
it may be convenient to exhibit its subdivisions in a tabular form, 
and to show their correlatioui as nearly as this can be made out, 
with the several palaeontological cones, as defined by geologists in 
England^ France, and Germany respectively. These latter are 
based on the study of more complete sections, yielding finer 
series of fossils, than can be obtained in the drift-covered areas 
of the English Midland counties. It must be remembered^ how- 
ever, that the correlation suggested is approximative only ; that 
in every fresh district examined, new groups of beds appear, more 
or less completely filHng up the gaps, which their absence had 
caused in earlier studied series ; and that, as these breaks con- 
stitute the limits of divisions necessarily adopted by geologists, 
in their classification of the strata of a district, the boundaries 
between the several groups of strata become continually less 
sharply defined, ha the formations are traced over more extended 
areas. 

The foliowing table exhibits the several series of Liassic beds 
described in this Memoir ; their position in the palteontological 
scale being shown by reference both to the divisions first sug- 
gested by Quenstedt in his ** Flotzgebirge Wiirtemburgs " in 1843, 
and also to the more modern classification by Ammonite 2^ne8, 
adopted by later authors, such as Oppel, Hubert, and Wright 
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CHAPTER V. 

THE LOWER OOLITES. 

The strata of this age present, in the district under consi- 
deration, a somewhat novel and peculiar type. The relation of 
the several groups into which they are classified, with the for- 
mations of the same age either of the Yorkshire series or that 
of the Cotteswold Hills, are by no means obvious. Ab great 
diversity of opinion has existed on these questions of classification 
and correlation, and as it is necessary to go into some details 
concerning distiicts outside the limits of this sheet, in order to 
explain the grounds on which the grouping of strata, adopted in 
the maps of the Geological Survey, has been arrived at, it has 
been considered advisable to devote to the discussion of- these 
more purely theoretical questions the introductory essay which 
is prefixed to this memoir. 

The strata of the Lower Oolites in the area em\)raced within 
Sheet 64 fall naturally into two very distinct groups, the lower of 
which is equivalent to the older part of the Inferior Oolite, while 
the upper appears to represent the whole of the Great Oolite. 
The lower of these series appears to have been to a certain extent 
disturbed and denuded, before the deposition of the latter which 
lies unconformably upon it. The evidence on this subject has 
been fully considered m the introductory portion of this memoir. 

The Inferior Oolite formation consists of two members, the 
lower of which is mainly arenaceous and is known as the ^ North- 
ampton Sand," while the upper is almost purely calcareous and 
is distinguished by the name of the ^^ Lincolnshire Oolite Lime- 
stone." These two divisions, however, frequently pass into one 
another by insensible gradations ; and occasionally, at their junc- 
tion, beds of fissile sandv limestone occur, which constitute the 
** Colly weston Slate." Like other similar ** slates '* these are very 
local in their mode of occurrence. The Great Oolite strata are 
divisible into four groups (the highest of which is the well 
characterised Cornbrash), which have been separately mapped in 
Sheet 64. A series of clays apparently representing the Forest 
Marble of the south of England underlies the Cornbrash aUd 
reposes on the white, shelly, argillaceous limestones of the Great 
Oolite, which are scarcely ever oolitic in structure. The last- 
mentioned strata in turn rest on a variable set of beds, some of 
which contain shells of marine, others of freshwater species, while 
thin bands of lignite and vertical plant remains indicate the former 
presence of old land surfaces. These beds, which we have called 
the '^ Upper Estuarine Series/' appear to represent the ^' Stonesfield 
Slate " or Lower Zone of the Great Oolite of the South of England. 

The Northampton Sand with the Lower Estuarine 

Series. 

These beds constitute the base of the Inferior Oolite in this dis- 
trict, and are often seen lying upon an eroded surface of the Upper 
Lias Clay. In their mineralogical composition they are extremely 
variable, but almost everywhere arenaceous characters prevail in 
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them. Sometimes they are ahnost wholly made up of beds of white^ 
or but slightly ferruginous, sands, with occasional thin seams of clay ; 
but usually more or less of their lower portion is converted into 
a rich ironstone rock. This ironstone, when not altered by the 
percolation of atmospheric water, is a hard, compact rock of a 
blue or green colour, composed of carbonate and silicate of iron, 
and usually made up, as is shown when sections of it are examined 
under the microscope, of rounded grains with an oolitic structure. 
In this form, however, the ironstone is seen only when it is dug 
in deep wells, under a considerable thickness of clays. As it more 
commonly occurs near the surface, it presents very different 
characters, consisting of a brown, by no means compact, rock usually 
with a very remarkable " cellular " structure. This structure is 
due to the chemical action set up in the mass by the atmospheric 
waters, which, penetrating from the joint and bedding planes, have 
caused the concentration of hydrated peroxide of iron alon^ surfaces 
having a general parallelism with those planes. The hard bands are 
often concentrically arranged. Frequently the change by weather- 
ing from blue and green carbonate and silicate to brown haematite 
has only partially taken place, and the centres of the blocks 
consist of the former while their outer portions are constituted by 
the latter, displaying the usual hard bands. The brown ore, when 
examined microscopically, is often seen to retain the same oolitic 
structure which is found in the unweathered rgck. 

In places, the rock of the Northampton Sand contains a con- 
siderable proportion of calcareous matter, and it is then extensively 
used as a building material and even for lime-burning ; beds of 
this character, however, are not so frequently seen in this district 
as in that to the south-west. Examples occur at Desbro' and 
near Uppingham. 

The thickness of the Northampton Sand is very variable ; in 
the area to which this memoir specially refers, it probably never 
exceeds 40 feet, while it is frequently reduced to very insigni- 
ficant proportions^ and sometimes, as about Luffenham, almost 
entirely disappears. 

The Northampton Sand is usually very barren of fossils ; at 
certain points, however, very fossiliferous bands have been found 
which have yielded a very rich fauna. In the lower ironstone 
beds the fossils are all marine. Cephalopods are far less rare 
than in the overlying limestone, the various varieties of Ammonites 
JUurchigontBj Sow., Belemnites giganteusj Schloth, and a gigantic 
NavtUus being the prevailing forms. Among the other very 
abundant fossils we may mention Astarte ekgans, Sow., Lucina 
Wrighiii, Opp., Ceromya BajociancL^ D'Orb., Pholadomga ^dicula, 
Sow., Isocardia cardata, Buckm., and Pecten personatus, Goldf., 
with the Echinoderms Galeropygus agariciformis^ Forbes sp.9 and 
Pygaster semisukaiusj Phil, sp.* The study of this fauna enables 
us to refer these marine beds at the base of the Northampton 
Sand, without doubt, to the lower part of the Inferior Oolite. In 

* Very beaatifal Beries of the interestiiig fossils of the Northampton Sand have 
been collected at Dnston, near Northampton, and at other p oints by Mr. Samuel 
Shaip, F.S.A., F.G.S., &c Vide Quart. Jowm. Geoi. Soe., voir XXVl., p. 888. 
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the lowest part of the Northampton Sand Bhychondla cynocepkala, 
Bich.; and some closely allied forms occur ; and in a band full 
of pebbles or concretions (like those of the Marlstone Bock-bed) 
which is frequently seen quite at its base, specimens of Ammonites 
bifrons^ Brug., have been found at several localities; but a 
number of circumstances seem to point to the conclusion that this 
Ammonite was derived from the Upper Lias Clays below. As 
yet we have no conclusive evidence that any part of the North- 
ampton Sand represents the ^^ Midford Sand " of the south of 
England and Yorkshire. 

The upper part of the Northampton Sand contains beds of 
white sand with plant remains, sometimes vertical, also thin seams 
of lignite and miniature *' underclays " ; very occasionally thin 
seams containing Cyrena occur in this part of the series. These 
highest beds of the Northampton Sand, which are well exposed 
about Helpstone, Ufibrd, Edith Weston, &c.> were^ like those 
above the Lincolnshire Oolite which we shall presently describe, 
evidently deposited under Estuarine conditions ; we have therefore 
called them the '^ Lower Estuarine Series." 

When we study the equivalents of the Northampton Sand in 
the eastern Moorlands of x orkshire, we find the upper or estuarine 
portion attaining to a great thickness and simulating in its general 
characters the strata of the coal-measures. These beds are known 
as the '' Lower Sandstone, Shale and Coal of Yorkshire." The 
lower or marine portion of the series, however, retains in York- 
shire its more moderate dimensions; the representative of the 
" Midford Sand " or "Upper Lias" sands being more distinctly 
developed. The marine b^s at the base of the Inferior Oolite in 
Yorkshire are called the "Dogger/' and at Rosedale yield an 
ironstone, almost identical in character with that of the Northamp- 
ton Sand. 

Southward and eastward, owing to the thinning out of the 
Lincolnshire Oolite Limestone^ the Upper and Lower Estuarine 
series are brought into contact, the former graduating in Oxford- 
shire into the Stonesfield Slate, and the latter into the Lower 
Freestones of the Inferior Oolite. 

The ironstone rock of the Northampton Sand often yields from 
30 to 50 per cent, of metallic iron ; but its highly siliceous charac- 
ter causes it to be of more value when used in admixture with 
other ores than when smelted alone. This ore is now (1869) very 
extensively worked at many places in Northamptonshire ; the only 
points within the limit of Sheet 64 are about Desborough and 
Rushton ; some years ago this ore was raised at Neville-Holt and 
the erection of blast-furnaces commenced^ but these works are now 
abandoned. 

The ferruginous or calcareous rock of the lower part of the 
Northampton Sand is locally largely used for building purposes, 
but it does not usually possess much durability. The white sands 
in the upper part of the series are extensively dug at many points 
for making mortar ; certain of the beds of chiy in the same part 
of the series are used for brick-making, as at Cottingham and 
Deene ; while at Stamford-Baron one such bed is used for the 
manufacture of terra-cotta. 



THE LOWEB OOLITES. 93 

The beds of the Northampton Sand constitute a rather light 
soil^ aud where, as is usually the case, they are ferruginous this is 
of a red colour. This soil is a very rich one^ especially adapted for 
the growth of spring-crops. 

Outer Escarpment of the Northampton Sand. 

The ironstones and superimposed sands and clays of the Lower 
Estuarine Series, capping the Upper Lias Clay, forms a bold 
escarpment, which in the southern half of the area included within 
Sheet 64, has a general direction from south-west to north-east, 
namely, from Desborough to the valley of the Welland ; but in 
the northern half of the area the bearing of this escarpment 
changes to due north, which direction it maintains through the 
whole of Lincolnshire and South Yorkshire. Thus we have within 
the area the commencement of the remarkable feature known as 
^ the Cliff" of Lincolnshire, a bold escarpment facing the west and 
running in an almost straight line for about 90 miles. Along the 
top of this escarpment for a great part of its length runs the 
celebrated Roman road known as the ** Ermine Street." The 
escarpment of the "Lincolnshire Cliff" is breached by valleys 
at two points only, namely, those forming the site of the towns of 
Grantham and Lhicoln ; the same river, the Witham, which rises 
in the oolitic plateau first cutting its way westward through a 
gap in the escarpment at Grantham into the Liassic Valley, and 
then back again through the still more striking gorge in which the 
city of Lincoln is built, away to the Wash. The Upper Lias 
continually diminishing in thickness as we go northwards, the 
''Cliff" of Lincolnshire gradually decreases in height, until in 
South Yorkshire, though still recognisable, it becomes quite in- 
conspicuous. (Plate VI.) 

As the Upper Lias Clay is, in the district under consideration, 
about 200 feet thick, the escarpment of the Northampton Sand 
makes a well marked feature, and in that portion of the area 
where the River Welland runs at its foot, namely between 
Rockingham and Harringworth, it presents very bold characters. 

At the extreme southern part of the area a branch of the River Ise, a 
tributary of the Nene, cuts out the Ions valley in which are situated the viUages 
of Desborough, Rushton, Newton, andGeddiugton. 

At Geddington the ironstone fonmng the base of the Northampton Sand is 
seen in some small openings, and was well exposed at the time of the survev m 
the foundation of some nouses. Copious springs arise at the line of its 
junction with the Upper Lias, and over one of these the beautiful Eleanor 
Cross, which forms such a striking ornament to this village, is erected. At 
seyend other points in the neighbourhood of Geddington, the sands and clays 
fonning the Lower Estuarine series can be traced. 

At Rushton Station on the Midland Railwa^r, the li^ht-coloured, carbonaceous 
clays and sands of the Lower Estuarine series attam a considerable deyelop- 
ment, and are seen covered by the Lincolnshire Oolite Limestone. The section 
at this place is as follows : — 

1. Rubbly, slightly oolitic rock (Lincolnshire Oolite Limestone). 

2. Pale-brown, sandy limestone, 1 ft. (Representative of the CoUyweston 

Slate). 

3. Brown sand, becoming nearly white below, 2 ft. 6 in. V (Lower Estuarine 

4. Brown, ferruginous sand. In. / Series. 

32106. O 
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5. Light-bluish, sandy clay, with carbonaceous markings " 

and ferruginous nodules, 9 in. 

6. Similar day of much darker colour, 2 ft. 

7. f<]f;ht-coloured, indurated, argillaceous sands, passing 

into sandy clay, with carbonaceous markings, 4 to 
5 ft. seen. ^ 

The deep valley at Rushton cuts quite down into the Upper Lias, and many 
good exposures of the ironstones of the Northampton Sand are seen along its 
sides. To the south of Rushton the very deep Glendon cutting on the Midland 
Railway exposes a fine section of the ironstone beds, covereid by the Lower 
Estuarine sands and clays. Here the ironstone is largely worked b^ the 
Glendon Iron Company, but . these sections are just beyond the linuts of 
Sheet 64, and have been described by Mr. Sharp.* 

At Desborough the ironstones and overlying sands and clays are well 
exposed in a deep railway-cutting near the station, where they are covered by 
Boulder Clav, and also in the numerous large pits at which the iron*ore is very 
extensively auff for the purpose of being sent away by rail into Staffordshire, 
Derbyshire, and Yorkshve. Near this place we have an interesting example of 
the development of calcareous beds in the midst of the Northampton Sand, 
perhaps the best within the limits of the area now under description. These 
calcareous beds form a band of hard, blue, ferru^nous and very shelly limestone 
in the midst of the ironstone beds ; this ferrugino-calcareous rock is dug for 
road-metal. In the country to the southwards, however, the Northampton Sand 
often locally assumes calcareous characters, and passes, sometimes throughout 
the greater part of its thickness, into an impure limestone of oolitic structure. 
Such limestones in the Northampton Sand are very extensively developed to the 
north of the town of Northampton, and as shown by Mr. Sharp, include at one 
point a bed of fissile rock, once quarried for roofing purposes, and known as 
the Duston Slate. These limestones of the Northampton Sand usually contain 
much siliceous matter; they are quarried for building purposes, and in one 
place, namely, near Draughton, were formerly even burnt for lime. At 
several points within the limits of Sheet 64 calcareous bands occur, and their 
position is indicated upon the map by the sign CALC, The development 
of thick-bedded, oolitic limestones in the midst of the Northampton Sand 
apoears, however, to be confined to the area to the south, and we find such 
beas both in the northern and the southern portions of the county of 
Northampton. 

The iron-ore which is dug about Desborough forms the upper 6 feet of the 
ironstone beds of the Northampton Sand, the lower portions not being found 
rich enough to pay for working. The upper 12 inches consist almost wholly 
of the hard, dark-brown fragments of the septa, forming the characteristic 
cellular structure, which by the removal through meteoric causes of their sandy 
admixture are separated from impurities and constitute an ore of greater 
richness than the rest of the deposit; this is known to the workmen as ** curley.*' 

Between Desborough and Stoke Albany the Northampton Sand stretches 
westwards in two spurs, which are, however, obscured oy thick masses of 
Boulder Clay; hence we find along these spurs but few sections, and the 
boundaries of tiie hard beds which cap them are very obscure. 

The ironstones and overlying clays and sands of the Lower Estuarine Series 
can be traced at many points in the vicinity of Stoke Albany, Wilbarston, and 
East Carlton, but they present no good sections or features of special interest. 
Here, as at almost all points of their outcrop, we find evidence, in heaps of old 
slags, of the extensive working of these beds in former times. At Cottingham 
we have a series of interesting sections illustrating the junction of the Lincoln- 
shire Oolite and the Northampton Sand. In a great pit in the Inferior Oolite 
we see a section of about 20 feet of that rock, which in its lower part contains 
numerous plant remains (Polypodites Lindleyi, Gropp. sp.), Woodf, &c., and in 
other pits we find the series continued in descending order. 

1. Calcareous sands. 

2. White clay. 

3. Ironstone rock (very thin). 



♦ The Oolites of Northamptonshire, Part 11.— Qiiar/. Joum. Geol. Soc, vol. xxix. 
pp. 231-232. 
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Pit «R Me Lower Oolites, below Cottingham Church. 

(1.) Lurht brown, sandy beds at the bottom of the 

linoolnshire Oolite (representative of the 

GoUyweston Slate) • - - - 2 to 3 feet. 

(2.) Dark bluish-black marl full of plant remains • 4 inches. 
(3.) Marl of lighter bluish-black colour with plant 

remains running through it (" plant-bed ")- 3 feet. 
(4.) Whitish and drab, laminated sanos - - 2 feet 6 inches. 

(5.) Dark*blue clay - - - - 3 feet. 

(6.) White sand 2 feet. 

(7.) Ironstone - - - - -6feetto8 feet. 

(8.) Hard, red rock with greenish centres (rock used 

for building)- - - - - 20 feet seen. 

In a pit still lower down we find — 

(1.) Whitish sands and clays - - - 6 to 8 feet. 

(2.) Light-blue marl with plants - - - 1 foot. 

(3.) Light-coloured sands and clays, becoming 

ferruginous at their base - - - 8 feet. 

Ironstone beds and red rock below. 

At Cottingham brickyard the beds of the Lower Estuarine Series are dug for 
hrickmaking. The sections exposed show that at this place the Northampton 
Sand, which is so variable a formation, both in thickness and minend cha- 
lacters, has acouired considerable importance, both of its members being well 
represented. The Lower Estuarine sands and clays attain a thickness of at 
least 20 feet, the beds exhibiting great variations within very short distances ; 
the ferruginous rock is probably nearly 30 feet thick in places, its higher 
portions, as is usual in this immediate neighbourhood, affording the richest 
iron-ore. 

The Northampton Sand is seen at a number of points along the small vallejrs 
which traverse Rockingham Park, and also in the deep cuttings in the sides of 
the great road passing through Kettering and Uppingnam, above the village of 
Rockingham. 

At a new farm beside Long Mantle Wood a deep well exhibited an interest- 
ing section in 1867. 

(1.) Boulder Oav ----- 
(2.) Whitish ana light-blue sands and sandy clays, 

(Lower Estuarine series) - - - 12 feet. 

(3.) Hard, blue, green, or grey, ferruginous, sandy 
and pseudo-oolitic rock. Not dug to bottom, 
for at 10 feet down in it a powerful spring 
was found. 
It mav be necessary here to call attention to the fact that whenever the iron- 
stone of the Northampton Sand is , dug under a considerable covering of 
Boulder or other clays, which have prevented atmospheric action upon it, its 
normal character of a dark brown cellular rock is never exhibited, but, on the 
oontraiy, it is always compact or oolitic in structure, and blue, grey, or green 
in colour. 

Between Rockingham and Gretton numerous exposures of the ironstone 
beds occur in the fi^uently slipped masses along the steep escarpment. At a 
tew points the beds of white sand or of whitish, sandy clay, with numerous 
plant remains, which overlie that rock, are also seen. At Gretton the Lower 
Estuarine beds were well exposed in an artificial opening ; and, between that 
village and Harringworth, we have many exposures of the ironstone beds, while 
ve can everywhere trace their junction witti the Upper Lias by means of the 
numerous springs. 

Following the Northampton Sand eastward into the valley of the Welland, it 
is found to diminish rapidl;^ in thickness. At the bridge between Barrowden 
and Wakerley, it is seen lying upon the Upper Lias, and is apparently, at this 

?laoe, not more than two or tnree feet thick. In the same diminished form the 
Northampton Sand was seen in the foundations of a house at the village of 
Wakerley, but as we go eastwards all trace of it is lost, and. the Lincolnshire 
Oolite appears to rest directly upon the Upper Lias Clay. 

G 2 
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Along the spur whicHmns out to Morcot^ the ironstone beds can be traced, 
but are of no great thickness ; near this village they are overlaid by beds of 
white sand, dug for building purposes. On the opposite side of the valley to 
Morcot, we find the usual white and light-blue clays overlying the ferruginous 
sands. As we pass into the valley of the Chater, the Northampton Sand is 
again found to become rapidly attenuated, and its beds almost or quite 
disappear to the eastward^ in the same manner as they do in the valley of the 
Welland. 

At LufPenham Railway Station the Northampton Sand was found, in an 
excavation, to be very thin ; within a space of ten feet we pass from tiie Loncoln- 
shire Limestone into the Upper Lias Ulay, the white sands, clays, and ironstone 
rock being present, but reauoed to insignificant proportions. In the South 
LufiPenham railway-cutting the ferruginous rock of the Northampton Sand is 
seen, but is not more than three or four feet in thickness. The white sands 
are seen underlying the representative of the CoUvweston Slate in North 
Luffenham churchyard when new graves are opened there. 

At Edith Weston the white sands forming the higher part of the North- 
ampton Sand'are well seen, and have frequently been dug for mortar at several 
different points within the lordship. Between the iMt named village and 
Martinsthorpe, the Inferior Oolite beds stretch westward in a long spur, along 
the sides of which the Northampton Sand can be seen at several points. The 
exact boundaries of the strata on this spur are greatly obscured, however, by 
the thick masses of Boulder Clay and Gravel which cover it. The causes 
which have brought about the variation of the outcrop of the beds from their 
normal direction in this place are easily discovered in the series of &ults, which 
traverse the Martinsthorpe spur and the neighbouring outliers of Winp and 
Pilton, Lyndon, Hambleton, Normanton, 'juia Whitwell ; iliese faults will be 
further aUuded to hereafter. 

A great breach is effected in the escarpment by the river Gwash. The fer- 
ruginous beds of the Northampton Sand are exposed in the steep river-banks at 
the village of Empingham, but the series does not appear to attain to any 
great thickness at this place. The tributary brooks which flow by the villages 
of Greetham and Exton have cut deep, gorge-like valleys quite through the 
Inferior Oolite limestones and sands, down to the Upper Lias Clay. At Home 
MiU the beds of light-blue clay of the Lower Estuanne Series are seen 
lying upon the ironstone beds of the Northampton Sand. At Exton a 
number of interesting sections in the Inferior Oobte were exposed during the 
works about the New Hall ; one of these behind the new memorial chapd was 
as follows: — 

ft. in. 

Soil 2 

Light-blue, laminated, sandy clay, with ferruginous 
stains in the bedding planes, and traces of plant 
remains - - - - - -14 

(3.) Fawn-coloured and ferruginous sands, finelv lami- 
nated, with one or two argillaceous bands, each 
overbad bv a lamina of hard brown hydrated 
peroxide of iron - - - - - 2 6 

(4.) Light-coloured, finely stratified, sandy day, occasion- 
ally passing into sand and then becoming very 
ferruginous - - - - - 3 

(5.) Ordinary cellular ironstone-rock - - - 2 seen. 

Farther back behind the Hall the beds are again dug, and this pit showed 
that the highest stratum in the foregoing section is covered by 2 feet of light 
brown sand, and this again by beds of hard sandy fissile stone, the base of the 
Lincolnshire Oolite, and the representative of the CoUyweston Slate. A weU 
in the kitchen of the Hall showed the thickness of the ferruginous rock here 
to be 1 1 feet, the Upper Lias Clay being reached at its base. The generalised 
section at Exton is therefore as follows : — 

ft. in. 
(1.^ Representative of the CoUyweston Slate 
(2.) Lower Estuarine sands and clays - - 9 

(3.) Ironstone rock of the Northampton Sand - 11 

(4.) Upper lias Clay .... top only seen. 



(1.) 

(2.) 
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As Illustrating, however, the great variations in thickness and 
mineral character to which the strata of the Northampton Sand 
are liable, we may notice a section seen in the small lateral valley^ 
north of the boat-houses in Exton Park. 

This section is described in detail, as it presents some features which have 
a Teiy important bearing with reference to the mode of formation of the 
deposit. It is as follows : — 

(1.) Oolitic limestone, with hard, flaggy, siliceous beds at the base; the 
latter is the equivalent of the CoUyweston Slate. 

(2.) Bed of light-blue, tenaceous cla^ about 1 foot thick. 

(3,) Beds of light-coloured sand, with ferruginous stains in the lines of 
bedding and intentratified with thin seams of clay and laminae of hard, dark 
brown ironstone, about 2 feet thick. 

(4.) Beds of ironstone of the usual cellular structure, characteristic of the 
Northamptonshire uron-ore. These attain a considerable thickness. 

(5.) Upper lias Clay. 

Tlie stratum (3.) presents some interesting characters. The interbedded 
laminae of ironstone, which are dense and brittle, and in every respect similar 
to the harder portion of the iron-ore below, vary in thickness from ^ to ^ of 
an inch. On careful examination it is seen that each of these laminae rests on 
a seam of clay, and is covered by a layer of sand of greater or less thickness. 
Similar sections are seen in other pits in the immediate neighbourhood ; but 
this, though a very curious and suggestive, is by no means a common aspect 
of the Northampton Sand. It finds a curious parallel in parts of the Bagshot 
Sand series of tne Lower Tertiaries. 

Between Oak Inn Farm and Greetham Mill, the junction of the North- 
ampton Sand and the Upper Lias is well seen. There is here exposed a good 
section of the ferruginous sands, very copious springs flowing out at their base. 
As a general rule, however, along these narrow valleys the sands and clays are 
altogether concealed by the masses of the Lincolnshire limestone which have 
ahnost everywhere slipped over them. 

At WhitweU we find the flaggy beds at the base of the Lincolnshire lime- 
stone underlaid by white sands. At this place a small east and west fault, 
approximately parallel to that which traverses the Hambleton outlier, brings 
down the beds of the Northampton Sand to the south, giving rise to a small 
outlier. In' a deep road-cutting near WhitweU we have an admirable exposure 
of the succession of beds at this place, though their exact thicknesses cannot 
be measured. The series is as follows : — 

(1.) Oolitic limestone (Lincolnshire Oolite). 

(2.) White siliceous limestone with mammillated surfaces (equivalent of 
Collyweston Slate). 

fiiSMblSecuT^~'"""'""'' iLowerEetuarineSeries. " 

(5.) Ironstone beds of the Northampton Sand. 

(6.) Upper Lias Clay. 

At BurW Park the Northampton Sand beds form a very steep escarpment 
above the Upper Lias Clay, the numerous landslips having given rise to a very 
sinuous boundary line between the two formations. This line can be easily 
traced by the numerous springs, which flow out along the junctions of the 
pervious with the impervious beds ; several of these are utilized for the sup- 
ply of the reservoirs in the park. There are many small openings in the 
Northampton Sand, which present the usual characters ; at one or two points 
thin beds of whitish clay are seen intercalated in the ironstone series. From 
Burle^ northwards, to the extreme limit in this direction of the area under de- 
scription, the Lincolnshire Oolite does not reach the edge of the escarpment, the 
sands forming a tract about a mile wide at the top of the ridge on which stand 
the viUages of Cottesmore and Market Overton. The junction of the limestone 
and sands of the Inferior Oolite in this part of the district is often greatly 
obscured by drift ; the boundary between the latter and the subjacent Upper 
Lias Clay is, however, very distinct and easily traceable until we get to Wymond- 
ham, where the great Boulder Clay sheet overlaps the edge of the escarpment 
on to the Lias plateau bdow. Below Cottesmore, at Barrow, and under Market 
Overton, numerous small sections of the ironstone rock and of the overlving 
Estuarine sands and clays can be seen, but they afford only a repetition ot th^ 
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characters bo fulhr described at many points to the south. The escarpment 
along this line, from Burley-on-the-nill to Market Overton, is nearly as bold 
and striking in appearance as that between Rockingham and Harringworth. 

Valley of the Nene and its tributaries. — Along the Nene Valley 
we find the Lower Oolites, which are here comparatively thin, cut 
through completely, so that the beds of the streams are in the 
Upper Lias Clay. In this part of the district the Northampton 
Sand, which is itself often very thin, constitutes the only repre- 
sentative of the Inferior Oolite ; the Lincolnshire Oolite, as already 
explained having quite thinned out and disappeared, so that the 
structure of this part of the country is precisely similar to that of 
the district south of Kettering where the Lincolnshire Oolite has 
disappeared in the same manner, and the estuarine beds at the base 
of the Great Oolite, rest directly upon those of the Inferior. As 
we go northward along the course of the Nene and its tributary 
the Willow Brook, we find the Lincolnshire Oolite coming in as a 
wedge between the two Estuarine series, the beds of which, west- 
ward and northward, gradually assume great thickness and 
importance. 

Immediately to the south of the area included in the sheet under description, 
we have, in the Aldwinkle and Tichmarsh railway-cuttings, interesting iUustra- 
tions of the non-ferruginous characters presented locally by the Northampton 
Sand. Here we see the Great Oolite limestones resting on the clays of the Upper 
Estuarine Series, these last reposing on an eroded surface of the Northiunpton 
Sand, which is here constituted by beds of white sand and sandy clay yielding 
in some bands freshwater fossils and plant remains, and in others marine 
shells ; the marine characters prevail altogether at the base of the series, where 
there is a band of ironstone usually only about six inches thick. As showing 
the extreme liability to variation in mineral characters in the beds of this series, 
we may mention that in a road-drain, only a short distance from the railway- 
cuttings, the Northampton Sknd was seen with its normal characters and having 
thick Beds of ferruginous rock in its lower part. 

The section of the Tichmarsh cutting presents some features of special interest. 
The Northampton Sand is here com|>osed principally of white sands which 
abound in carbonaceous matter, occurring either in minute fragments between 
the laminae, in larger masses scattered irregularly through the beds, or forming 
thin seams of lignite. As at Ufford, and many other points, the lower beds of 
sand become gradually more and more ferruginous, and thus pass almost insen- 
sibly into a bed of ironstone, which forms the base of the formation and presents 
all the usual characters of the Northamptonshire iron-ore, but is never more 
than one foot in thickness. The sudden variations in character of the North- 
ampton Sand are strikingly exemplified in this case, for in several places in 
the immediate neighbourhood of this section, as atThrapstone and Wadenhoe, 
the beds of ironstone acquire a considerable development. 

But the most noteworthy circumstance in connexion with the section at 
Aldwinkle, is the presence of beds containing well-preserved organic remains. 
In the lower part of the cutting is seen a bed of sand, cemented by calcareous 
matter and about one foot thick, which is crowded with shells. These fossils 
are tolerably well preserved, the substance of the shell usually remains, some- 
times even, when first exposed, retaining the nacreous lustre. The Conchifera 
and Brachiopoda have their valves united, and neither they nor the univalves 
exhibit any trace of erosion ; these circumstances of course negative the idea 
that they might be drifted shells, and indicate that thev lived at or near the 
spot where they are now found. That the fanna of this bed is a truly marine 
one, will be at once demonstrated by the following list of genera : — 

Ostrea. Area. Pholadomya. 

Gervillia. Lucina. Trigonia. 

Modiola. Astarte. Euspira. 

Pema. Tancredia. Terebratula. 

Cardium. Nesera. 
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A thin seam in the sand, occurring at some distance above the bed just 
described, appeara'to be crowded with shells of Cyrena, but these are in a very 
crushed and unperfect condition. 

At Wadenhoe, just above the level of the river, we have sections illustrating 
the extremely attenuated condition of the Lower Oolites. It is only in very 
good sections that the exact limits between the Upper and Lower Estuarine 
series can be traced, both being often greatly reduced m thickness ; wherever a 
clear section, however, can be traced, the ironstone junction band ia more or 
less distinctlv exposed, and the Upper or Great Oolite beds are found to repose 
on an eroded surface of the Lower or Inferior Oolite beds. 
The succession of beds seen at Wadenhoe is as follows : — 

(1.) Combrash 1 

(2.) Great Oolite clay y Traceable in slopes above the pit. 

(3.) Great Oolite limestone J 

(4.) a. White cbys - - - - 1 foot. 

b. Yellow, sandy clay - • - - I foot. 

c. Dark, laminated, sandy clay - - 1 foot 6 inches. 

d. White clays, with vertical plant markings - 9 inches, 
f . Dark, carbonaceous clays - - - 6 inches. 

/. White clays, with vertical carbonaceous 

markings and ferruginous stains - - 2 feet. 

(5.) Ironstone beds, to bottom of pit - - B feet. 

A little below the level of this pit the Upper Lias Clay was dug. Possibly 
we may regard a, b, c, and d as belonging to the Upper, and e and/ to the 
Lower £stuarine series. 

Below Pilton and Stoke Doyle the Northampton Sands can be clearly traced, 
but we get no good sections till we arrive at Oundle Wood, situated in a smaJl 
lateral valley west of ^e town of Oundle. The ironstone beds at this place 
have been extensively quarried in ancient times. There are several large 
mounds in this wood, some composed of masses of ore as brought from the pit, 
and others of the same broken into small Augments, together with heaps of 
calcined ore and of slag. From the remains of potterv and coins found at this 
place it would appear that these workings were carried on by the Romans. In 
a pit, opposite the boat-house on the lake, the ironstone rock, which here 
contains Terebratula submaxillata, Mor., and other shells, is covered by a 
considerable thickness of freshwater sands and clays. At several points along 
this valley, the ferruginous deposits of the springs probably indicate the presence 
of the ironstone beds. Sections of which are however very seldom seen along 
this and the neighbouring valleys. 

At Scnithwick the Nortnampton Sand is seen, and has been worked in ancient 
times ; this is manifest from the large quantities of slag found there. The 
ironstone is here overlaid by ferruginous sand with some seams of clay, the 
whole being covered by beds of gravel composed of fragments of Oolite. The 
ironstone beds at this point contain a few fossils, such as Terebratula, 
BhynchoneUa, and Avicula. The beds are much disturbed here by landslips. 
Along the sides of this valley the Lincolnshire Oolite can be traced, like the 
thin end of a wedge, coming in between the Upper and Lower Estuarine beds. 
At Wood Newton brickyard we find the beds of the two estuarine series, 
here separated only by the greatly attenuated rock of the Lincolnshire limestone, 
very well exposed. Both the clays above and those below the limestone are dug 
for brickmaking. By the aid of a well we are able to construct the following 
section:— 

(1.) Clay (Upper Estuarine) - - - 3 to 4 feet. 

(2.) Ironstone junction band - - - to 1 foot. 

(3.) Limestone (Lincolnshire Oolite) - - 15 inches. 

(4.) a. White sand and clay 1 

b. Brown sand - -V - - - 16 to 18 feet. 

c. Ironstone beds - J 

(5.) Upper lias Clay. - - - - at bottom. 

At the foundations for the new bridge at Wood Newton, the ironstone bed 
and the overlying sands and clays were well exposed, the whole 'resting on 
'the Upper Lias Clay. In the Wooa Newton parish-pit and in the sides of the 
brook between Wood Newton and Apethorpe, the white sands under the oolitic 
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limestone are ex{K>sed. At the Apethorpe " town-pit " beds of light-blue clay 
and marl appear in the same position. Upon the side of the hill, on the right 
bank of the Willow Brook, and opposite to the village of Kin^ Cliffe, a pit 
shows the limestone with hard, quartzose, laminated beds exhibiting mammO- 
lated sorfiaces at its base, and resting on the white sands with canionaceous 
markings and plant remains. 

At Yarwell, on the west bank of the Nene, the Northampton Sand is evidently 
thin ; it is composed principally of white sand, and its junction with the limestone 
above and the clays below was seen. On the opposite side of the river, at 
New Close Cover, tne Lower Estuarine beds are dug in a small pit, affording the 
following section : — 

(1.) Soil. 

r2.) Brownish-yellow sand - - - 3 inches to 1 foot. 

(3.) Black band, entirely made up of car- 
bonaceous matter showing vegetable 
fibres - - - - - 3 inches. 

(4.) Clayey sand of a grey colour with some 

plant remains - - - 4 inches. 

(5.) White sand. 
North of Stibbington the ferruginous sands can be traced at the fish-ponds, 
and the white sands have been found underlying the oolitic limestone in the 
great pits south of Wansford. The same beds are seen underlying the Lincoln- 
shire Oolite in the cutting between Wansford station and the Wansford or 
Sibson tunnel, and here, as will be afterwards shown, we have a complete 
series of the Great and Inferior Oolite beds exposed. 

At Water Newton brickyard the sands and clays of the Lower Estuarine 
series are dug linder the beds of oolitic limestone which are here only of 
insignificant thickness. Along the small tributary valleys in which are 
situated Southorpe, Thomhaugh, Wittering, &c., the sands and ironstones of 
the. lower part of the Inferior Oolite can be traced, but they appear to be 
generallv very thin and afford no good sections. Along the valley of the Nene 
eastward, the beds in Question are almost always concealed bvthe thick deposits 
of valley-gravel. At Milton Park and at Peterborough, wells have been sunk, 
which passed from the Upper Estuarine clays directly into white sands of the 
Lower Estuarine, the Lincolnshire Oolite having entirely thinned out. 

Inliers. The great plateau formed by the Lower Oolite beds is 
frequently cut through by the numerous streams which intersect 
it, so as to expose in the sides of narrow v&Ueys all the strata 
down to the Upper Lias Clay. This exposure of the lowq^t beds 
of the Inferior Oolite is frequently aided by the numerous faults 
which intersect the district, and throw the beds in question to 
much higher levels than those which we might anticipate they 
would occupy, from their general dip. 

In the inlier at Pipwell, which is cut down to the Upper Lias 
Clay in its western part, through an upthrow of the Beds, we find 
a number of exposures of the Northampton Sand. Near Pipwell 
Upper Lodge the ironstone beds are dug in a small pit ; and half- 
a-mile westward traces of an old reservoir are seen in the valley, 
at a point where abundant springs issue at the junction of the 
ironstone with the Upper Lias Clay. The Northampton Sand is 
also well exposed in the deep gorges near the junction of the 
two small streams above Pipwell Abbey. 

At the inlier at Corby and Weldon there are many exposures 
of the Northampton Sand, the succession of the beds exhibited at 
a number of different points in road-cuttings, &c. being : — 

(I.) Lincolnshire Oolite Limestone, becoming sandy at its base 
and sometimes exhibiting traces of fissile stone (Colly- 
weston Slate). 
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(2.) Veiy variable beds of sand and clay with numerous plant 

remains. (Lower Estuarine Series.) 
(3.) Ironstone beds, with usual characters. 
(4.) Upper Lias Clay. 

The Northampton Sand here exhibits the usual very great 
variation in thickness and mineral characters. Between Q)rby 
and Little Weldon the same succession of beds is'seen at several 
points ; near the latter place they suddenly disappear, the lime* 
stone being let down against them by a fault. 

The manner in which a rock of the impure shelly and oolitic 
limestone of the Northampton Sand passes, often within very 
short distances, into beds of white sand or ironstone is very 
strikingly exemplified in this neighbourhood. In many places 
the limestones are themselves very ferruginous and exhibit the 
peculiar banding with thin seams of brown haematite, developed 
along lines parallel to those of bedding and jointing, which is 
80 striking a feature in the Northampton Sand. Precisely 
similar phenomena are exhibited in Yorkshire in the country 
south and west of Malton, where the great estuarine series of 
the Lower Oolites, which form the north-east moorlands of 
Yorkshire are greatly reduced in thickness, while in their midst 
there are developed a number of, sometimes locally important but 
always extremely inconstant beds of more or less sandy oolitic 
and shelly limestone, precisely agreeing in character with those 
of the Northampton Sand. The presence of these inconstant 
calcareous rocks appears to be very characteristic of series of 
strata, exhibiting other evidences of the alternations of freshwater 
and marine conditions at the period of their deposition. 

The small valley at Brigstock Parks exhibits the Inferior Oolite limestones 
and sands considerably disturbed, and as already explained, unconformably 
overlaid by the series of Great Oolite beds. Between Sudborough Lodge and 
the Brigstock Park Lodges we find a pit opened in the summit of a small 
anticlinal in the ironstone beds of the Northampton Sand. 

About Little Oakley and Stanion the valley, cut through the Boulder Clay 
and Great Oolite beds by Harper's Brook, exposes the Inferior Oolite strata 
along its aides similarly faulted and rolled, and unconformably overlaid by the 
Great Oolite series. The ironstone beds at the base of the Northampton Sand 
have frequently been dug in the wells and cisterns at the village of Stanion ; 
while about Little Oakley there are numerous exposures of the white sands and 
clays of the upper part of the series, and the ferruginous rock of its lower part ; 
they offer, however, no special features of interest at 'this place, and will be 
noticed in connexion with the beds of the Lincolnshire Limestone in thisinlier. 
At Brigstock Mill, an interesting section in the brickyard and wells, to be here- 
after Mlj described, exhibits the whole of the Lower Oolite series from the 
Upper Estuarine series down to the Upper Lias, this place being near the 
Hoe of the easterly disappearance of the Lincolnshire limestone by attenuation. 
The succession of the Northampton Sand beds at this place is given on page 191. 

A long narrow inlier of the Northampton Sand is seen in the upper part of 
the valley of the Willow Brook, near Dene, Bulwick, and Blatherwycke, but 
there are seldom good exposures of the strata. At Dene brickyard we have 
the follo^ng section : — 

(1.) Marly limestone - - - - 1 to 2 feet. 

(2.) Whitish, calcareous sands - - - 1 foot 6 inches. 

(3.) Hard, blue-hearted, sub-crystalline limestone - 1 foot 6 inches. 
(4 .) Brownish, calcareous sand, becoming indurated 

into stone at its base - - - 2 feet. 
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(5.) Hard and compact, coralline limestone, full of 

Nerinaa, wiui partings of clay - . ~ ^ ^^^ 

(6.) Irregular bed of siliceous concretions with 
mammiUated surfaces below. This bed is 
intensely hard; between its laminae are 
contained numerous plant remains; it 
appears to be the representative of the Colly- 
weston Slate - - - - 1 foot. 

(7.) Irregularly stratified and false-bedded, varie- 
gated sand - - - - -6to8 feet. 
(8.) Black, carbonaceous, sandy clays, with nodules 
of pyrites, and many fragments of wood con- 
verted into the same mineral - - 6 feet. 
(9,) Bed of hard sandstone of a dark-grey colour 

("kale "of the workmen) - - - 1 foot. 

(10.) Clay, similar to (8) but lighter coloured and 

more sandy - - - - - 3 feet. 

(11.) Sandy ironstone (dug in a well) - - 3 to 4 feet. 

(12.) Upper Lias Clay. 
1 regard all the beds from (7) to (11) inclusive as belonging to the North- 
ampton Sand. 

This section is of great interest as presenting another type of the Northamp- 
ton Sand, namely tlmt in which a great part of the formation is represented by 
beds of dark-coloured clay. These beds have in some instances been mistaken 
for the Upper Lias, and have, indeed, been sometimes mapped as such. A 
close inspection, however, soon convinces the observer that the resemblance is 
a ver^ superficial one, and is confined almost entirely to colour. The clavs in 
quesnon are totally wanting in the tenaceous character of the Upper Lias, 
and indeed thev are composed quite as largely of arenaceous as of argillaceous 
materials ; their dark colour appears to be due to the large quantity of organic 
(vegetable) matter which they contain. 

At Blatherwycke Park similar beds to those at Dene brickyard have been 
penetrated in several wells. 

About 30 years ago a well at the top of the hill sunk to the depth of 60 
feet (?) appears to have reached, at the level of the ornamental water in the park, 
a spring, the water of which is said to have been strongly impregnated with 
sulohuretted-hydrogen, and to have acted as a powerful purgative. Another 
well sunk into the rock of the Northampton Sand was the means of obtaining 
a very copious supply of water. 

In the valley known as " Hollow Bottom," the freshwater sandv clays of the 
Lower Estuarine Series are exposed in the brook to the south of Bulwick 
Woods. Higher up the brook the ironstone beds can be traced, and the very 
numerous fragments of slag seen on the ploughed fields indicate that the 
smelting of the ore was carried on at this spot at some former period. 

The various beds of the Northampton Sand were also traced, though 
somewhat obscurely, at the bottom of the little valley at Tryon's Lodge, where 
they form a very small inlier in the midst of the great spread of Lincolnshire 
limestone. 

The clays of the " Lower Estuarine Series " can in like manner be traced in 
the valley in which Fineshade Abbey is situated. 

In consequence of the great north and south fault of Ketton and Duddiug- 
ton, the Northampton Sand and Upper Lias clays again make their appearance 
in the valley of the Welland, at a distance of two miles from the points at 
which they have disappeared (Wakerley and Barrowden) owing to their south- 
westerly dip. 

Traces of the Northampton Sand are seen at Duddington, below the old 
pite which are said to have been worked for " slates." 

At Collyweston a number of wells have been sunk through the thick lime- 
stone beds of the Lincolnshire Oolite, and the underlying slates and sands, into 
the " red-rock " or ironstone of the Northampton Sand. The considerable 
supi)lies of water required in the working of the slate-pits are said to be 
obtained from the ironstone rock iteelf ; it being found unnecessary to ank 
down into the clays of the Upper Lias. 

llie beds of the Northampton Sand can also be traced on the opposite side 
of the Welland Valley at Ketton, but there offer no features of spe<nal interest. 
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Along the sides of the Welland Valley to the westward, the beds of the 
Northampton sand are much obscured bj masses of river-gn^vel, composed of 
oditic detritus. They are seen again, however, at Wild's Ford opposite 
Tickencote Lodge, and at In^horpe. 

Tlie springs at Wothorpe, which are collected in a reservoir for the supply of 
the town of Stamford, take their rise at the junction of the Northampton Sand 
and the Upper Lias Clay. A good section of the former beds is exposed in a 
deep road-cuttinff near this place. Along this part of the Welland Vallev 
many landslips nave taken place owing to the numerous springs which 
arise at the junction of the ironstone rock and the clays, and the facility with 
which the former, being undermined by this agency, slide over the latter. 

At the viUage of Easton the ironstones of the Northampton Sand are well 
exposed. The whole formation here is seen to have a thickness of about 
20 feet. The striking '' cellular " appearance presented by the ironstone rock 
is well exemplified at this point, and the connexion of this peculiar structure 
with the original jointing of the rock is here verv manifest, lliis subject will 
be more fiilly treated of in the next chapter. The junction of the Northamp- 
ton Sand with the Upper Lias Clay forming the channel of the River Welland 
is seen at this point. Very copious springs of water, which supply the \'illage, 
are given o£f at the base of the ironstones. 

At Stamford, owing to the great east and west fault, the Northampton Sand 
which on the north side of the valley is at the level of the river, is on the south 
side exposed high up on the hill beside Burleigh Park. The whole of the beds 
eihibit signs of considerable distiurbance. The ironstone and overlying sandy 
clays were exhibited at a numbtf of points about the Midland and London and 
North- Western Railway Station at Stamford. At one point, where a small 
cross fault has thrown the sandy days and ironstones of the Northampton 
Sand against the limestones of the Lincolnshire Oolite, a ' railway-cutting 
affords us a very interesting section (Fig. 70 

Figure 7- Section exposed in a railway-cutting at the Stamford Station of the 
Midland and London and North-Western Railways. 




FAULT. 

a. Rubble Oolite. 

b. Oolite Limestone (Lincolnshire Oolite). 

c. Light -blae and white clays (Lower Estuarine Series). 

d. Femiginoos sands and ironstone (Northampton Sand). 

Higher up the hill Lumby's Terra (^otta Works expose an interesting section, 
which is as follows : — 

(1.) Rubbly Oolite (in patches). 

(2.) Brown sand (irregular in thickness). 

(3.) " Terra-cotta clay," sandy and of a light blue colour, very irregular in 

thickness, 1 to 4 feet. 
(4.) Ironstone rock, 8 to 13 feet. 
(5.) Upper Lias Clay. 
The day bed (3) has been analysed by Mr. Lumby (formerly a student in 
the Ro^ School of Mines). It is of a pale colour, and composed of almost 
pure silicate of alumina with a little free sand in very fine grains ; sandy lumps 
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also occur in the mass, which are ground up with the da^ in the mill. Thu 
admixture of the clay with fine sand is said to greatly improve its quality. 
Mixed with a vtjj small quantity of the white clay from Poole, Dorsetshire, 
these clays of the Lower Estuarine Series make an excellent terra-cotta. 
Some years ago, in a futile attenipt to find coal at this point, a boring was 

?ut down by the late Marquis of Exeter to the depth, it is said, of 500 feet. 
Jnfortunately, however, no accurate record was kept of the beds passed 
through. From the information which I received, however, I infer that the 
Lias formation was not penetrated, no red rocks having been reached; 
if the information which I received can be relied upon, the Upper Lias Clay 
would appear to be about 140 feet in thickness at this place. 
. Both the estuarine clays and sands, and the marine ironstones of the North- 
ampton Sand are exposed at a number of points about Burleigh Park ; and 
since the mapping of the area has been completed the quanying of the latter 
as an iron-ore has been commenced by the Marquis of Exeter. (See Mr. 
Sharp's Paper in the Quart. Journ. of the Geol. Soc., vol. xxix. p. 273.) 

The light-coloured sands with ironstones at their base are seen at Wittering 
and many other points along the sides of the valleys of Southorpe and Thorn- 
haugh, the beds being thrown far above their normal position by the great 
Stamford and Helpstone fault. 

At Ufford the white sands of the Lower Estuarine Series are found to be 
highly micaceous, and to contain many thin layers of lignite and fragments of 
wood. One of the pits at this point affords a very interesting section (Fig. 8). 

Figure 8. Section of the Northampton Sand seen in a pit east of Ufford, 
Northamptonshire. 

(a.) Oolitic limestone. 

(^.) Tellow, sandy limestone, 
with marine shells. 

(c.) Bed of lignite, 3 inches 
thick. 
' • Fragment of fossil wood. 



(rf.) Pale-purplish, micaceous 
clays, with vertical, 
carbonaceous remains 
of plants, 3 ft. 
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(«.) White and fawn-coloured 
sands, with vertical 
phint remains, 3 ft 



(/.) Thin seams of lignite, 
together, 4 inches 
thick. 

(g.) Bed of ver^' fine white 
sand, 1 ft. 6 in. 



{h.) Yellow sands, becoming 
more and more fer- 
roginous downwards, 
dug to 4 ft. 



i^H^^^^ 



(6) is similar to and corresponds with (a) of the section. Figure 9, on page W- 
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The Tertical carbotiaceous markings which occur in the beds (d) and (e), 
appear to indicate that plants actually grew upon the spot, and were embedded 
as they stood, by the quiet deposition of fine sediment around them. The beds 
called " root-beds " by Professor Morris,* which occur in another, but verr 
similar, formation, greatly resemble (d). The clay of {d) is yery fine grained, 
and the surfaces of its laminae are coyered with scales of mica : in it the 
carbonaceous matter is always preseryed, while in the sands below (e) it is 
more frequently remoyed, and the sides of the empty tubes stained with oxide 
of iron. 

In descending through the lower beds of sand {h) we find them more and 
more impregnated with oxide of iron, which exists as a coating around the 
individual grains ; when this coating is remoyed by the action of acid a white 
sand remains similar in eyery respect to that forming the bed (^). From the 
statements of workmen it appears that this ferruginous character still increases 
in going deeper, and that the bed which rests directly on the Lias Clay is a 
thin band of the ordinary ferruginous rock of the Northampton Sand. 

The section at Ufford lies about one mile to the west of that at Helpstone, 
to be hereafter noticed, and on passing still farther towards the west ana south 
we find the thickness of the ferruginous rock to continually increase, until, at 
no great distance, it is seen to constitute nearly the whole mass of the 
Northampton Sand. 

At the Helpstone brickyard the Northampton Sand, with the beds aboye and 
below it, is bent into a sharp anticlinal fold ; the great disturbance of the strata 
at this point being connected with the fault so often referred to. 

About a mile to the south-east and near Helpstone Heath Farm, where the 
beds are also disturbed but in a much less violent manner than in the last- 
mentioned section, we have a very instructive exposure of the Northampton 
Sand formation. 

In this section one of the most interesting aspects of the Northampton Sand 
is well exhibited. It is represented below : — 



Figure 9. Pit in the Northampton Sand between Ufford and Marholm (North- 

amptonshire.) 




(a.) Siliceous limestone ("pendle '*) with mammillated surfaces below. 
{b.) Obliouely-laminated, fawn-coloured sand, 1 ft. 
(c.) Purplish finely laminated clay, 3 in. 

(rf.) Fmelv-laminated, fawn-coloured sands, with much oblique lamination, 
5 n. exposed. 



♦ Quart, Joum. Geoi Soc., vol. ix., p. 880. 
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The bed (a.) forma the base of the oolitic limestone series, the beds of which, as 
we pass downwards, are found to become more and more siliceous in chancier, 
and to be not unfrequently interstratified with beds of sand. This stratum is a 
veiy persistent one over a uurge area ; it is a hard, usually blue, calcareous sand- 
stone, well characterised by the mammillations of its under surface ; when 
finely laminated and capable of being rendered fissile by exposure to frost it 
constitutes the well-known " Collyweston Slate." Thb rock is crowded with 
marine fossils. 

The sands below this bed are remarkable for the great amount of oblique 
lamination which they present. The surfaces of the laminae of sand are 
covered with fragments of carbonaceous matter, which appear in the section as 
fine black lines beautifully marking the bedding. Besiaes these minute par- 
ticles in the planes of bedding, larger patches of carbonaceous matter occur, 
scattered through the mass, which are probably the vestiges of firagments of 
wood. Some of the beds of sand are crowded with sheUs, either whole or in 
Augments, but these are so much decomposed as to be incapable of removal ; in 
some of the layers there occur undoubted specimens of marine shells as Pinna 
ettneata, Ostrea acuminata and Trigonia costata var. ptdlus Sow., in others, 
numerous Cyrerue. 

Tlie base of the sands is not seen in this pit, but in another in the vicinity, 
where the beds are inclined^ the white sands are found resting directly on the 
Upper Lias Clay, without the intervention of any fenuginous rock. The total 
thickness of the Northampton Sand at this place is rather more than twenty 
feet. 

In the extreme north of the area included within Sheet 64 two small inliers 
of the Northampton Sand occur at Castle Bytham and Little Bytiiam, owing 
to the streams having cut their valleys through the Lincolnshire Oolite into 
the beds below. At neither of these localities, however, is there any clear section 
of the strata. 

Outliers, In the western part of the district which we are now 
describing numerous outliers of Northampton Sand occur, usually 
capping the hills or plateaux of the Lias Clay. Many of these 
outliers are of very considerable area, one of them, that on which 
the town of Uppingham is built, occupying a very considerable 
proportion of the southern half of the county of Rutland. Not 
a few of these patches of Northampton Sand owe their preserva- 
tion to the action of faults, which have thrown the beds into a 
{)osition far below their normal level. Capping as they do the 
ong ridges between the deep and sinuous valleys cut by numerous 
streams in the underlying Upper Lias Clay, these outliers of the 
Northampton Sand are usually of very irregular form. They 
give rise to the remarkably flat topped hills which are so cha- 
racterestic of this district. (See Plate VII.) 

The most southemly of the outliers in the district is that upon which the 
villages of Dingley and Brampton are situated. Here the Northampton Sand 
is mostly covered with boulder clay ; and the limits of the former are difficult 
to trace, owing to the great extent to which the ironstone rock has in many 
cases slipped over the subjacent Upper Lias Clay. 

South of Dingley a pit exhibits the beds of the Northampton Sand dipping 
N. at an angle of 2°. Above them are seen calcareous beds of slaty structure 
with a few traces of fossils (representative of the Collyweston Slate P) In the 
ironsand itself were found fragments of Bekmnites (rare) and Terebratuia tub^ 
tnaxillata, Mor. Some other small exposures of the beds on this outlier occur, 
but thev present no features of interest. 

Nortn of the Welland at Neville-Holt another considerable outlier of North- 
ampton Sand is preserved, and is in this instance capped by the fissile beds 
representing the CoU^eston Slate and the overlying oolitic limestones. 
Large ironstone workings have been commenced on the south side of this 
outlier. A trial hole is said to have proved a thickness of 15 feet of ironstone ; 
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8ome of the lower beds, however, appear to have been too poor in iron to be 
sent awaj for smelting and were used for building purposes. 

The total thickness of the Northampton Sand formation in the Neville- 
Holt outlier appears to be about 20 feet. A borins to the depth of 100 feet 
was put down in the Upper Lias Ciav at Neville-Holt in the hope of finding 
coal ! The preservation of the considerable tract of Inferior Oolite at NeviUe- 
Holt is evidently due to the fault which bounds the outlier on its northern 
side and has produced a considerable subsidence of the beds. 

To the west and east, respectively, of the considerable outlier just described, 
there occur two small and somewhat obscurely exposed patches of the beds of 
the Northampton Sand. The first of these caps the hill on which Slawston Mill 
is built and gives rise to its peculiar and striking form (see Plate V.), the 
other caps a less conspicuous hill lying east of the celebrated Neville- Holt Spa. 

Above Hallaton-Ferns there occurs a small patch of the Ironstone-rock the 
peculiar position of which can only be accounted for by regarding it as brought 
to a much lower level by faults, and thus preserved when the surrounding 
masses of the formation were removed by denudation. The beds, which are 
well exposed in a pit, show considerable signs of disturbance and are capped 
by a mass of Boulder Clay (Fig. 10). 

Hgure 10. Sketch of section in pit above Hallaton Ferns, showing a small 
outlying patch of the Northampton Sand capped by Boulder Clay, 




♦ Large boulder 18 inches long of the hard siliceons limestone (Pendle) of the 
Inferior (Lincolnshire) Oolite. 

On the north side of the Welland Valley, between Gretton and Uppingham, 
three conspicuous hills, known as Bee Hill, Priestley Hill, and the Burrows, owe 
their preservation and striking form to the patches of the hard beds of the 
Northampton Sand which cap them. The last mentioned of the three is 
crowned with a small mass of the Lincolnshire Oolite limestone ; and in all of 
them the strata are more or less obscured by superincumbent drift. At Bee 
Hill the rock capping the hill is nowhere well exposed ; while at Priestley Hill 
the Northampton Sands are almost free from the covering of drift, but are not 
displayed in any artificial openings. At the hill known as the Burrows, 
however, the strata are much more clearly displayed. In one pit we find beds 
of Northampton iron-ore of the usual character, alternating with white, sandy 
clays ; the whole being covered by five or six feet of drift clay, full of boulders. 
Strong springs arise at the base of the Northampton Sand. In a second pit 
(near Lyadington Lodge) a similar alternation of ironstone beds with white, 
sandy clays is also seen. The drift covering at this point is composed of very 
coarse gravel. 

As already stated, the little market-town of Uppingham is situated upon an 
outlier of considerable size, which is, however, by the numerous streams 
intersecting it, divided into numerous long spurs. At several points on this 
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outlier, as south of Uppingham, near Lvddington and at Glaston, hard beds 
of a (»Jcareous nature, approaching in cnaracter those which are seen at Des- 
borough and which make so conspicuous a feature in the country to the south- 
wards, are seen at the base of the Northampton Sand series. At Uppingham 
these calcareous beds are about two feet thick. 

The lowest beds at Uppingham, as at many other points in the area, appear 
to be considerably less ferruginous than those above them, and are extensively 
quarried for building purposes. A large quarry near the town gave the 
following section. 

1. " Bearing," (ironstone rock with the usual characters) - - 8 ft. 

2. Hard building-stone, of a blue colour - - - - 8 ft. 

3. Mass of concretions or pebbles embedded in a blue ironstone 

matrix (very similar to the beds which occur at the base of tiie 
Marlstone Rock-bed) - . - - - - 6 in. 

4. Upper Lias Clay 

As illustrating the great variations in thickness within short distances of the 
strata which compose the Northampton Sand, I may cite, for comparison 
with the last, the following section obtained in a well at the town of 
Uppingham. 

1. Sand and Qay 12 ft. 

2. Good ironstone rock - - - - - -5to6ft. 

3. " Rock," building stone - - - - - 3 ft. 

4. Clay (Upper Lias) - - - - - dug to 4 ft. 
A stone-pit just outside Uppingham on the road to Stockerston illustrates 

very admirably the gradual passage from the un weathered blue rock at the base, 
up to the perfectly weathered, deep brown, " cellular " ironstone above, and the 
tnmsition upwards of this ironstone into loose sands (Fig. 11). 

Figure 11. Stone pit near Uppingham, on the road to Stockerston, 
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This section is about 20 feet deep. At its base is seen the Upper Lias Olaj, 
and at its summit the light-blue, sandy clays of the Lower Estuarine Series. 

The beds of Northampton Sand in the Uppingham outlier seldom yield 
numy fossils. At one of the pits above Lyddington I obtained, however, 
Ammonites Murchisonse, Sow. var. subradiatus. Sow, 
Pleurotomana, sp. (cast.) 

Another pit, near the same vilhige, exhibited at the base a hard, blue, calca- 
reous rock, which is a water-bearing bed. Above this the beds are " blue- 
hearied," each block, into which the mass is divided by the joints and bedding 
planes, showing an irregular central mass of blue rock, surrounded bv a valuing 
thickness of brown ferruginous material. As we pass upwards in the section, 
^ the size of the central, unweathered nuclei diminishes, while that of the sur- 
rounding weathered crusts is found to increase, till at last the former entirely 
disappear. A large portion of the ironstone in this pit is not traversed by the 
hard cakes of brown oxide of iron which form such a striking feature in most 
of the beds of the Northamptonshire iron-ore. The rock here exhibits Ihe 
interesting oolitic structure which will be hereafter described, but instead of 
the usual banded appearance displays sections of an uniform yellowish brown 
tint» where it has been subjected to weathering operations. 

At Seaton, a pit behind the church exposes beds of white sands and sandy 
clays with many carbonaceous markings, and the outcrop of the ironstones 
below can be traced at many points in the immediate vicimty. 

At Bisbrook, the line of junction of the Northampton Sand and the Upper 
Lias is indicated by nimierous springs. The lowest beds of the former series 
were at one time dug at this place for Uning ovens, a purpose for which they 
are said to be admirably adapted. 

At Glaston there occurs, at the base of the Northampton Sand, a very hard, 
somewhat calcareous band, which is crowded with a sheU which closely 
resembles, if it is not actually identical with, the Rhynchonella cvnocephalOf Rich. 

At Wardley, Ayston, \forcott, Stoke Dry, King's Hill Lodge, and many 
other points upon the skirts of the great Uppingham outlier, there occur 
exposures of the ironstone beds of the Northampton Sand. None of these 
sections, however, present us with features of any novelty. 

The villages of Ridlington and Preston are situated upon a long narrow out- 
lier of the Northampton Sand, which is separated by a deep and narrow valley 
from that last descrioed. The hard rock Qf the ironstone gives rise to weU 
marked steep escarpments, but the highest portions of the outlier are capped 
and obscured by drift deposits. A number of small sections are afforded at 
different points, and there is evidence in the abundant furnace cinders that the 
ironstones in this neighbourhood were formerly smelted. 

Immediately to the westward of the last, two smaller outliers of the North- 
ampton Sand occur, on the larger of which stands the farm-house, called on the 
map Ridlington Lodge. These outliers afford several exposures of the ironstone 
beds, which do not however present any features of interest. Another small 
outlier lies to the north of the village of Preston. 

Still further to the west a number of outliers of the Northampton Sand 
evidently owe their preservation to the great Billesdon and Loddington fault. 
These cap the prominent hills known as Whadborough Hill, Robin-a-Tiptoes, 
see Plate VH., Barrow Hill, and the nameless eminences rising above the village 
of Loddington and at Laund Wood. All of these afford more or less complete 
sections of the ironstone rock, but in the three last mentioned the strata are 
to a certain extent obscured by deposits of drift gravel and clay. 

At Whadborough Hill hard calcareous beds occur near the base of the 
Northampton Sand, and contain Terebratula submaxillata, Mor. and some other 
shells. Beds of a somewhat similar character can also be traced upon Robin- 
a-Tiptoes. From its elevation and striking form it might be anticipated that 
the neighbouring hill called Qolborough Hill would also be found capped by 
the hard ironstone beds ; but a care&l examination of the summit railed to 
detect any such rock in situ^ so that we must infer that the Inferior Oolite 
has been wholly removed from this eminence by denudation. 

Small pits in the ironstone beds have been opened in the outliers of Laund 
Wood, lK)ddington and Barrow Hill, the position of which is indicated upon 
the map. At the last mentioned locality the rocks show considerable signs of 
disturbance, owing to landslips. 
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At Lyndon a small outlier of Northampton Sand, capped by the beds of the 
Lincolnshire Oolite, occurs between the spurs which run out torn the main 
escarpment to Winff and Martinsthoipe. The preservation of this outlving 
patch of Inferior Oolite rocks has eviaentlj been brought about and its foim 
determined by the somewhat complicated series of faults which is found in 
this area. 

By the same series of faults the beds which form the outliers of Hambleton, 
Normanton and Whitwell have been powerfully affected. 

In Normanton Park there were several sections of the Northampton Sand 
at the time the survey was made ; one of these exposed a thickness of 8 
feet of ironstone rock capped by the light-coloured sandy days of the Lower 
Estuarine Series. 

The outlier at Hambleton is crossed by an £ast and West fault, whidi appears 
to have a throw of about 20 feet. Through its agency the beds of the North- 
ampton Sand have for a considerable distuice been brought to the same level 
as the Lincolnshire Oolite Limestone. At the time of the survey a number of 
field drains afforded great facilities for determining the exact position <^ this 
line of fracture. The ironstones and overlying sandy clays, which were well 
exposed at a number of points, exhibit the usual features which we have already 
described as characteristic of this formation. 

South of WhitweU a small fault has let down the Northampton Sand, which 
is in consequence found capping the hills of Upper Lias Clay. No dear sec- 
tions are however presented at this point. 

The last of these outliers of the Northampton Sand which we have to notice 
is a singularly isolated one of verv insignificant proportions. It is found cap- 
ping the conspicuous eminence known as Ranksborou|^h Hill, situated about 
five miles to the north-west of Oakham. The beds of Northampton Sand are 
here quite destitute of any covering of diiffc, and there can be no doubt that 
the ** red-rock " is here in situ, although but such a small portion of it has 
escaped destruction by denudation. It is probable that the preservation of 
this minute vestige of the formation, so far from the general line of its outcrop, 
may have been in part due to its subsidence through faults; but in the district 
which surrounds it, composed of Lias Clays deeply ouried under drift, the field- 
geologist is destitute of the necessary data for determining the presence and 
position of such dislocations of the strata. There are some indications which 
would point to the conclusion that, beneath the thick masses of drift clay and 
gravel crowning the very elevated ridge upon which the village of Cold- 
Overton stands, beds of the ironstone rock may occur. But while the existence 
of such an outlier of the Northampton Sand is, at best, very doubtful, its 
limits are altogether unknown, and therefore no attempt has been made to 
indicate it upon the map. 

TTie Iron- Ore of the Northampton Sand. 

Frequent allusion has already been made to this important 
mineral production of the district liow being described. The hi&- 
tory of the working of these iron-ores in the Inferior Oolite of 
the Midland district has been a somewhat remarkable one. There 
is evidence that^ at least as early as the period as that of the 
occupation of the country by the Romans^ the beds of brown 
hydrated oxides of iron were known and extensively worked. We 
have already noticed that in a wood near Oundle heaps of broken 
ore, of the same calcined, and very large quantities of slag occur, 
associated with which have been found Roman coins and pottery. 
We have historical evidence that in mediteval times, the district of 
Rockingham forest vied with that of the Weald of Sussex and 
Kent as a great iron producing district. The Norman Castle 
of Rockingham is said to have been built for the protection of 
the iron-furnaces in Rockingham Forest. In both of these areas 
the presence of beds of tolerably rich iron-ore, in a district 



THE LOWKR OOLITES. Ill 

abounding with timber, led to the erection of numerous furnaces 
of the small kind then in use, and the extensive production of iron. 
Throughout nearly the whole of the district described in this 
memoir enormous masses of slag, which are, of course, especially 
conspicuous where the land has been newly cleared for cultivation, 
testify to the extent to which "the manufacture of iron was carried on 
in the area in ancient times. The slags are of a very dark, almost 
black, colour and extremely heavy ; they bear witness to the want 
of skill of the ancient smelters and it is evident that only a compara- 
tively small proportion of the iron contained in the ores was 
extracted from them by the imperfect methods then in use. 

The causes of the decline of the iron manufacture in this dis- 
trict were the same as those which operated so powerfully in the 
case of the Wealden district of the south of England. In the first 
place, the enactment of rigorous laws to prevent the reckless de- 
struction of timber-trees by the charcoal-burner operated power- 
fully, by restricting the supplies of fuel. In the second place, the 
discovery of the possibility of smelting iron-ores by means of coal 
and coke caused the transference of the industry to the coal- 
bearmg districts, in which the ore and mineral fuel are found 
in close association with one another. 

For about two centuries the iron manufacture was thus wholly 
banished from the district, and scarcely a tradition of its former 
importance remained. With the introduction of railways into 
this country, and the consequent very suddenly increased demand 
for iron, new deposits containing iron-ores began to be sought 
for, in order to supplement the supplies yielded by the coalfields. 
At first this new demand appeared to be fully met by the open- 
ing out of the extensive Liassic and Oolitic ironstone beds of 
the Cleveland district, which have the great advantage of bein^ 
in close proximity to the Durham coalfield. Still increasing 
demands for iron-ores of this class led to the re-opening of iron- 
mines in the Northampton Sand, and although the competition 
of the Cleveland and North Lincolnshire district, both more 
favourably situated in relation to the fuel producing areas, must 
have tended powerfully to retard the development of the in- 
dustry in the midland district, yet the following table, kindly 
supplied to me by Mr. Robert Hunt, F.RS., Keeper of the 
Mining Records, will show with what rapidity the working of 
the iron-ores of the Northampton Sand formation has been 
extended. 

Annual produce and value of the iron-ores raised in Northamp- 
tonshire from the year 1860 to 1872 :— 

Tons. £ 

1860 - - 95,664 23,416 

1861 - - 113,139 28,635 

1862 - - 116,718 31,940 

1863 - - 126,587 41,644 

1864 . - 335,787 84,761 
1866 - . 364,349 96,137 
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Tons. 


£ 


1866 


- 476,981 


118,940 


1867 


- 416,766 


104,191 


1868 


- 449,116 


112,279 


1869 


- 540,269 


135,065 


1870 


- 887,020 


177,404* 


1871 


- 914,435 


182,887» 


1872 


-1,174,211 


234,842» 


1873 


-1,412,256 


282,451* 



The circumstances under which the working of the iron-ore of 
the Northampton Sand was resumed in modern times are noticed 
by Dr. Percy in the following terms : — 

^< The introduction of the Northamptonshire ore is only of 
recent date. Not long previous to the International Exhibition 
of 1851, Colonel (now General) Arbuthnot called upon me in 
Birmingham, where I then resided, and requested my opinion on 
a specimen of the ore which he left with me. I found it to con- 
tain a sensible quantity oF sesquioxide of iron and a very large 
amount oF siliceous sand. I made no quantitative examination 
of it; and, certainly, the specimen in question did not prepossess 
me in its favour. However, I referred the Colonel to my friend, 
Mr. S. H. Black well of Dudley, who visited the locality of the 
ore in order to examine it in situ. He obtained samples much 
richer in iron than that which was placed in my hands. He 
prosecuted inquiries on the subject with his usual energy, and 
the result has been the discovery of an extensive deposit of 
ore, which has since been smelted in lar^e quantities in South 
Staffordshire, Derbyshire, and South Wales. * 
, At a few points blast-fUrnaces have been erected for the smelt- 
ing of these iron-ores at the locality in which they are i*aised 
The only place within the area of Sheet 64, at which any attempt 
has been made to manufacture the iron upon the spot, is at 
Neville-Holt; the works at this place have not, however, been 
completed. But by far the larger portion of the ironstone of the 
Northampton Sand is sent away to the coal-bearing districts ; the 
highly siliceous ore of the oolites being found better adapted for 
smelting in admixture with the calcareo-argillaceous ores of the 
coal-measures than alone, or with the simple admixture of a 
limestone flux. 

Besides the ore of the Northampton Sand, the ironstone con- 
tained in the Great Oolitg Clays, the ** junction-band ** of the 
Upper Estuarine series and the Marlstone Rock-bed, were also 
worked in ancient times. An attempt to revive the working of 
the first-mentioned of these deposits near Peterborough resulted 
in failure. Of late years proposals have been made to open mines 
in the Marlstone Rock-bed, which farther south, in Oxfordshire, 
(Adderbury and King's Sutton) yields a valuable ore. 

* The values in each of these yean are estiniated at four shillings per ton. 
t Percy's Metallurgy, Iron and Steel (1864), p. 225. 
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CHAPTER VI. 

ORIGIN OF THE NORTHAMPTON SAND. 

The formation described in the last chapter presents the 
geologist with many features oF great interest The remarkable 
concentration of iron in the thick beds which compose it, is 
accompanied by many striking peculiarities of physical and 
microscopical structure. As in tne district under description 
many of these interesting features are very admirably illustrated, 
the occasion was taken during the survey of the area to study 
tlie chemical and microscopic peculiarities of the rocks composing 
the several beds oFthe formation, in connexion with their position 
and relations as observed in the field. The results of these 
observations, with a discussion of their bearing upon the various 
theories which have been put forward in explanation of the origin 
of these remarkable rocks, are contained in the present 
chapter.* 

Every geological formation may be studied under two different 
aspects ; — either it may be regarded in its relations as one member 
of a series, and the record, more or less imperFect, of a period oF 
the earth's history ; or it may be viewed as the product oF the 
various forces, mechanical, chemical, and vital, which have ope- 
rated in its original accumulation or its subsequent metamor- 
phoses. In the forma* case we are called upon to investigate with 
the field geologist the mutual relations oF great rock masses, 
their order of superposition, their conformity or unconFormity, 
and the nature and amount of their disturbances ; in the latter 
we are led to study with the mineralogist and microscopist the 
various details of their intimate and minute structure. In the 
farmer case the most important aids to our inquiries will be 
Found in the remuns oF organised bodies contained in the beds, 
and hence as our principal guide we must look to the naturalist; 
in the latter the greatest assistance to our investigation will be 
afforded by the crystallised minerals enclosed in the rock, and 
therefore, for direction in our inquiries, our chieF dependence must 
be placed in the chemist. Hitherto the labours oF geologists have 
been chiefly devoted to the Former class oF researches, but the 
latter offers subjects oF at least equal interest and importance. 

Every rock is more or less ^^ metamorphic," Ever since its 
deposition it has undergone and it still is undergoing a constant 
series oF internal changes, the result oF the action oF various causes, 
as heat, pressure, solution, the play oF many chemical affinities, 
and oF crystallographic and other molecular forces, — causes insigni- 

* These observations were originally laid before the Geological Society of London 
in the year 1869 ; but, it being found that, by the rules of the Geological Sunrey, 
an account of the various s^tions referred to could not be published at that time, the 
psper was withdrawn in order that it might make tis appearance in the present 
Memoir. 
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ficant perhaps in themselves, but capable under the factor time oF 
producing the most wonderful transformations. The geologist is 
called upon to unravel the complicated results, to pronounce what 
portion of the phenomena presented by a rock is due to the forces 
by which it was originally formed, and what must be referred to 
subsequent change ; to discriminate the successive stages of the 
latter and to detect their various causes ; in short, to trace the 
history of a rock from its deposition to the present moment 

The object of this chapter is to examine the Northampton Sand 
from the second of the points of view which we have indicated. 
We propose to describe the various characters — petrological, litho- 
logical, microscopical, and chemical — of the formation in question, 
and to attempt to base on a discussion of these, definite conclu- 
sions with regard to the following points. . Firstly^ the conditions 
under which the rocks composing it were originally deposited, 
and, secondly, the changes which they have since undergone. 



I. — GENEBAii Features op the Northampton Sand. 

These have been somewhat fully illustrated by the local de- 
scriptions of the preceding chapter. Especial attention may be 
directed to the accounts given of the sections at Aldwinkle 
railway-cutting (p. 98), Ufford (p. 104), that near Helpstone 
Heath Farm (p. 105), one at Exton Park (p. 97), and that at Dene 
brickyard (p. 102). 

In the following remarks, the most interesting features of the 
deposits of this formation, and especially such as appear to throw 
light upon its mode of origin, are briefly noticed. 

In some localities, as at Helpstone, Ufford, Aldwinkle, Kings- 
thorpe, &c., the deposit is mainly or wholly composed of beds of 
white sand, siliceous, calcareous, or micaceous, usually exhibiting 
much oblique lamination, often more or less indurated, and 
sometimes interstratified with beds of clay. Both the sands and 
clays usually contain much carbonaceous matter, either in particles 
lying between the laminas, in vertical stem-like markings, or 
forming thin beds of lignite, each of which usually rests on a 
seam of " underclay." 

The mass of the beds is usually very destitute of fossils; but 
thin seams occur crowded with shells, in some cases of marine in 
others of brackish-water species, the animals of which evidently 
lived and died upon the spot. When followed, either vertically 
or horizontally, these beds of sand are frequently found to 
graduate into the ordinary Northamptonshire iron-ore. 

At Exton there occur in the midst of the white sands thin, 
hard, and brittle laminse of dark-brown hydrated peroxide of 
iron, each of them being underlaid by a thin seam of clay. 

Not unfrequently we find, as at Dene and near Barton 
Latimer, the formation in great part composed of beds of car- 
bonaceous sandy clay, which from their dark colour have some- 
times been mistaken for, and even mapped as. Upper Lias. 
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By far the most frequently occurring type of the Northampton 
Sand, however, is that in which the upper portion of the formation 
is composed of sands and clays similar to those which we have 
been describing, and the lower portion by strata of greater or less 
aggregate thickness of the well-known ironstone. 

Everyone is acquainted with the great amount of change, both 
physical and chemical, which many rocks undergo in consequence 
of the passage through them of atmospheric water. Thus the 
Combrash when dug under the Oxford Clay is an extremely 
hard, dark-blue limestone, in which the planes of bedding are 
scarcely visible, and joints, though present, so little open that the 
rock scarcely admits of the passage of water through it, and it can 
consequently only be quarried by blasting ; but when the same 
rock is dug at the surface its whole thickness is made up of a loose 
rubbly brown limestone, the appearance of which in sections has 
been, not inaptly, compared to that of a rough stone wall ; each 
of the separate fragments into which the bed is disintegrated is 
often more or less thickly coated with a stal^smitic deposit 

Similarly, if we enter almost any quarry in an oolitic district 
we shall find striking illustrations of the same kind of change. 
The upper part of such a quarry will be found to be made up 
of ^^ rubble '' or disintegrated rock ; below this the blocks of stone 
will be seen to be solid, but soft, and throughout of a white or 
brown colour. Lower still they will be found to have hard nuclei 
of a blue colour, or in the language of quarrymen %vill be ^^blue- 
hearted "; the lower we go, the larger shall we find these blue 
centres to become, till at last the blocks will be seen to be through- 
oat of a blue colour. If the same limestone be quarried under 
beds of clay it will probably be found to be entirely of the 
same blue colour.* 

We have been thus particular in adducing these instances, 
because no geologist will hesitate for one moment in ascribing the 
changes described to the weathering action of atmospheric water, 
which, finding access to the rock by the planes of bedding and 
jointing, traverses its substance, and acts chemically on its 
materials, especially the compounds of iron. 

Now, changes precisely similar in kind, though much greater 
in degree (on account of the very large proportion of iron which 
it contains), have in the case of the Northamptonshire iron^ore 
resulted in some of the most marked and characteristic features 
presented by that rock. As, however, the very obvious cause to 
which we have referred has, in the case of the rock in question, 
been neglected or ignored by some authors on' the subject, in 
favour of others, purely hypothetical) it may be necessary to 
describe in some detail the facts, which are, I believe, sufficient to 
place the subject altogether out of the region of controversy. 

When quarried at the surface, the Northamptonshire iron-ore 
is seen to be composed to some considerable depth of the hydrated 

* SSee some mterestiiig remarks on this subject and on the necessity of a 
knowletlge of it to thosm who seek for building-stone, by Prof. Morris. Quart. Joum. 
Geol. Soc., Tol. ix., p. 329, note. 
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peroxide of iron only ; we shall see hereafter that it is only the 
superficial portion of the bed which is used as an ore, and hence 
most of the quarries and pits present only this variety of the iron- 
stone rock. But if the beds be followed vertically to some depth, 
or horizontally some distance into the side of a hill, remarkable 
changes in the nature of the rock will be found to occur. When 
quarried at some depth from the surface each block will be found, 
when broken, to contain a nucleus of compact, impure carbonate 
of iron of a bluish or greenish-gray colour, and, as we go farther 
from the surface, these nuclei will be found to gradually increase 
in size till, in the end, the whole mass of each block is found to be 
composed of the carbonated mineral. While the upper peroxidized 
beds are easily traversed by water, the solid carbonated beds 
below, on account of the closeness of their joints, are much less 
pervious, and become "water-bearing.** These facts are per- 
fectly familiar to the well-sinkers of the district, who find that 
to obtain water it is always necessary to pass quite through the 
'^kale" (the soft weathered beds), but that copious springs will 
be found in the ** rock " (the solid unweathered beds), without 
going down to the "blue bind" (the Upper Lias Clay) ; but that 
nevertheless, to prevent a failure of water in times of great 
drought, it is always safer to penetrate <o the latter. 

When the Northamptonshire iron-ore is met with at the bottom 
of very deep wells, it is, throughout its whole thickness, composed 
of the hard, compact, gray carbonate, and this is also the case 
when it is dug beneatli beds of Boulder Clay. 

In connexion with this gray, carbonated condition of the rock, 
there are two circumstances of great interest and importance 
which require remark : — firstly, that the fossils in it retain their 
shelly substance, though the carbonate of lime is firequently 
replaced by carbonate of iron, and are not, as in the weathered 
rock, merely double casts ; and secondly, that there occur in the 
beds of lignite, vertical plant remains and fragments of car- 
bonaceous matter. 

In the gray, carbonated centres of blocks dug at some depth 
in the weathered Northamptonshire iron-ore of some localities, 
as at Holt, fossils similarly retaining their shells are found ; in 
these also the casts of vertical plant remains are very frequendy 
seen. In the upper beds such changes have taken place, owing to 
the redistribution of the oxide of iron, that it would be in vain 
to expect to be able to detect such traces in them. 

The Northamptonshire iron-ore is generally almost destitute 
of fossils throughout the greater part of its mass; occasional 
beds however occur which are crowded with marine sliells, pre- 
served as we have already seen as double casts. These shells 
present every appearance of having lived in the places where 
they are found, and not of havin/;^ been drifted ; they belong 
principally to the orders Lamellibranchiata and Brachiopoiia, 
but a few Gcrsteropoda also occur, as in the overlying limestone. 
Cephalopoda are extremely rare, though specimens of AmmomUSy 
Bekmnit^Sy and Nautilus have been found. Occasionally seams 
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are found in the ironstone which appear to be crowded with shells 
of Cyrena. 

Near Stamford the Northamptonshire iron-ore is overlaid by 
a thin bed of da^^ with fine grains of white sand disseminated 
through it^ but without any other iotAgn admixture. In other 
localities, as Holt and Desbro', lenticular beds'of a similar material 
occur in the midst of the ironstone itself. 

The most striking feature of the Northampton Sand may be 
summarized as follows : — 
fl.) The formation is usually composed of sand, sometimes 
purely siliceous but at other times micaceous, carbona- 
ceous, calcareous, argillaceous, or ferruginous. 
(2.) In this formation there occur rapid alternations of evenly 
stratified beds, with some exhibiting much oblique 
lamination, and others indicating the existence of ter- 
restrial surfaces. 
(3.) The organic contents of the formation suggest the proxi- 
mity of land at the time of its deposition, and also 
indicate remarkably rapid transitions from marine to 
brackish water and terrestrial conditions. 
(4.) In this formation ferruginous beds are usually present, 

but not unfrequently altogether absent. 
(5.) These ironstones vary greatly in thickness, occasionally 
constituting the whofe of the formation, frequently 
forming the greater part of it, not seldom being reduced 
to very small proportions, and sometimes being wholly 
wanting. 
(6.) The ironstone when present always constitutes the lowest 
portion of the formation and lies immediately upon the 
Lias Clay. 
(7.) The ironstone, when unweathered, consists of a hard, solid, 
compact or oolitic rock of a bluish ^or greenish-gray 
colour, composed principally of carbonate of iron. 

11. — LiTHOLOOICAL CHARACTERS OF THE NORTHAMPTON SaND. 

The prevailing mineral characters of the clays and sands of 
this formation have, been sufficiently illustrated in the descriptions 
of the typical sections before referred to ; the ferruginous beds, 
however, present some remarkable and highly interesting features 
of rock structure, which it will be desirable to examine in some 
little detail. 

The unweathered beds of ironstone consist of a mineral, com- 
posed mainly of carbonate of iron (but containing disseminated 
through it grains of quartz and siliceous oolitic concretions) 
which is coloured, usually of a bluish or greenish tint, by minute 
quantities of other ferrous compounds. The rock usually exhibits 
only slight traces of the planes of t)edding, and although it is 
traversed by joints, yet these, as we have already seen, are so 
little open that the stratum is almost constantly water-bearing, 
and cannot be quarried without blasting. Of banding or ooncre- 
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tionarv structure, with the exception of the minute oolitic features 
to be hereafter described^ this rock does not exhibit the slightest 
trace. The difiPerent beds vary greatly in hardness^ the oolitic 
rock being much softer than the compact or granular. 

But when we turn our attention to the weathered beds of iron- 
stone, which are composed of hydrated peroxide of iron with 
disseminated grains of quartz and minute quantities of a few 
foreign materials, we find a remarkable contrast in many features 
with the rock just described. Occasionally, as near Lyddington 
in Rudand, beds of considerable thickness of the weathered iron- 
stone are made*up of an almost homogeneous rock, of yellowish 
brown colour, friable texture, and oolitic structure ; this is how- 
ever exceptional, and the rock in question usually presents a 
very marked and characteristic heterogeneous structure. In these 
cases its mass is seen to be made up of two very different materials ; 
that which forms the larger portion of the rock is of a yellowish- 
brown colour and soft earthy texture; the other portion is of a 
dark-brown colour, compact, hard, and brittle ; the latter contains 
a considerably larger proportion of iron than the former. The 
relative distribution of these two materials in the rock is also 
a feature of very great importance. The hard, brown mineral 
always occurs in thin plates of from one*third to one-tenth of an 
inch in thickness ; these plates ibrm complete prismatic cells, 
each of which encloses a mass of the light-coloured, earthy mineral, 
and is itself often surrounded by another layer of* the same 
mineral, never more than one inch thick and usually much less. 
The form of these cells, though presenting much irregularity, 
usually approximates to a nearly rectangular prism, the relative 
dimensions of which are subject to the greatest variations; 
occasional cells of other irregular polyhedral figures also occur, 
but these are certainly exceptional. The absolute dimensions of 
these cells also vary between wide limits in different beds, but 
are tolerably uniform in the same beds, the length of one of the 
sides may be a few . lines only, or it may amount to several feet. 
Sometimes these cells formed by the dark-brown mineral, are 
arranged in a concentric manner, the intervals between them 
being filled with the light-coloured variety ; this structure prevails 
in certain localities, and a very beautiful example of it may be 
seen in a section at Easton ; the examples of it are however, on 
the whole, much less frequent than those of the non-concentric 
cellular structure. The centres of the cells in both the varieties 
may be occupied, as already explained, by larger or smaller nuclei 
of the gray carbonated mineral. The inner surface of the hard 
laminar material, forming the walls of the cells, is always sharply 
and clearly defined from the mass of the enclosed softer mineral, 
and in fact an empty space of greater or less extent usually exists 
between them ; in this latter case the hard and brittle walls of 
the cells being unsustained are often fractured by the pressure of 
the surrounding materials. The outer surface of the laminas, on 
the other hand, almost always graduates to a greater or less extent 
into the investing, light-coloured material. Frequently also, there 
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is a marked gradation of density in the laminar material itself, 
and in such cases the denser portion is always found to be that 
nearest the interior of the cell.* 

The form of the internal and well defined surfaces of the 
laminas is extremely irregular, constantly tending towards mam- 
inillated and botryoidal characters, not unfrequently being ex- 
tended into long finger-like projections, and sometimes being 
further complicated by a secondary series of more or less regular 
sculpture-like markings. This inner surface, though usually de- 
tached from the enclosed mass of the soft minerd, is neverthe- 
less frequently coated with an extremely thin layer of the latter, 
and thus presents a bright yellow colour. 

That portion of the bed of ironstone lying nearest to the 
sur&ce has, in addition to chemical disintegration, usually under- 
gone a certain amount of mechanical denudation, by which means 
a portion of the soft earthy material is carried away, and the hard 
laminae being broken by mutual pressure, the result is a confused 
mass of irregular fragments of the hard mineral, intermingled with 
a larger or smaller proportion of the soft mineral. Thus a mass 
is formed, which of course contains a larger per-centage of iron 
than the undenuded rock, and it is this portion of the bed which, 
to the depth of about six feet, is usually dug as an iron-ore. 
Doubtless, if some ready mechanical means could be contrived for 
separating the hard layers from the earthy portion of the rock, 
its value as a source of iron would be greatly increased. 

iii. — migbosgoplcal characters of the northampton 

Sand. 

The ordinary sands and clays of this formation do not present 
any microscopical features of particular interest. The former 
consist principally of more or less rounded and waterworn frag- 
ments of white quartz, the size of which is usually very uniform 
in the same bed, but varies very considerably in different ones, 
from a general diameter of from j^ ^^ jhr o^^>^ ^^<^^» ^° some 
of the beds, as already observed, each of. these grains is invested 
with a coating, of greater or less thickness, of the hydrated 
peroxide of iron. The calcareous sands contain, in addition to 
the rounded quartz grains, fragments, usually angular, of carbonate 
of lime, which by dieir minute structure are seen to be com- 
minuted particles of shells. Of minute organisms either siliceous, 
as diatomacesB, or calcareous, as foraminifera, I have not been 
able to detect any trace in this formation. The carbonaceous 
fragments, which are so abundant in some of the beds, do not, 
owing to the imperfect state of their preservation, present any 
well defined histological structure under the microscope. In the 



* The peculiar distribution of the materials composiiig the Nortbamptonshire iron- 
ore iii yery admirably illas^ated in one of the beautiful plates which form part of 
Mr. Maw's interesting paper " On the distribution of Iron in Variegated Strata." 
Quart. Joum. Geol. Soc. vol. xxiv. (1868), PI. zy. Fig. 37. 
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lower part of the limestones, however, which imme^ately overlie 
the Northampton Sand, the plant-remains are better preserved, 
and in many of the small fragments there foand, the characteristic 
venation of ferns can be easily distinguished ; occasionally, too, 
larger specimens are preserved in the same beds, and in these the 
disposition of the sort can often be observed, thus affording the 
botanist safer materials for the construction and comparison of 
species than is usually the case with fossil plants. Well preserved 
masses of wood, both exogenous and endogenous, also frequently 
occur in these beds, though these do not, of course, afford sufficiently 
distinctive features for specific or even generic determination. 
Some specimens of the upright plants in the clays and sands, which 
were better preserved than is usually the case, appear to indicate 
that these belong to the order o{ the JSquisetacetB ; the habits of 
the fossil plants must certainly have been similar to that of some 
recent members of that ortler. If this identification should prove 
to be correct, the fact would be one of considerable interest, from 
the abundance of plants of the same order in certain Yorkshire 
beds, which will probably prove to be of the same age as the 
Northampton Sand. 

When we study microscopically the ironstone beds many 
features of very great interest present themselves, which have 
most important bearings on the problems of the mode of deposition 
of the rock, and the causes of the changes which it has since 
undergone. 

I may first state that the most careful examination fails in 
detecting any difference in structure between the gray masses in 
the midst of the weathered blocks and the mass of the rock when 
dug at a great depth and unweathered. So strikingly is this the 
case that, on one occasion, having a large number of fragments 
of rock illustrating the two conditions mentioned, from which 
I was preparing sections for microscopical examination, I found 
myself quite unable, they having become accidentally mixed, to 
separate the two series ; consequently the whole had to be thrown 
away, and fresh specimens procured. 

Notwithstanding their great differences in lithological and 
chemical characters, the different varieties of the Northampton- 
shire iron-ore, — namely, the gray carbonate, the light coloured 
earthy peroxide, and the hard, dark coloured lamince, — the 
microscopical features presented bv them all are essentially the 
same. In all, a slight examination is sufficient to show that there 
is a considerable amount of variation in the intimate structure of 
the rock from different localities, and of the different beds in the 
same locality ; in some cases the whole mass is seen to be made 
up of oolitic grains, varying in diameter from ^ to y^ of an inch ; 
in others the structure of the rock is seen to be throughout 
compact or granular ; and in other cases again, and these are 
by far the most frequent, we find a compact matrix, with oolitic 
grains disseminated through it in greater or less abundance. In 
nearly all cases there occur, scattered throughout the mass, rounded 
or sub-angular grains of quartz. 
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When fragments, not pulverized, of the Northamptonshire iron- 
orQ are cligeBted in hydrochloric acid, a white mass is left nearly 
equalling in bulk the material acted upon. This insoluble residue 
under the microscope is seen to be made up of several constituents. 
The principal of these are rounded or sub-angular grains of pure 
wHite quartz, varying in diameter from y^ to 3^ of an inch, and 
rounded, siliceous, oolitic concretions of a pale-green colour, 
from y^ to y^ of an inch in diameter. Besides these, we fre- 
quently find in some specimens a number of scales of mica, and 
in others black fragments, which disappear on the ignition of the 
mass, and are thereby recognised as carbonaceous matter. The 
quantity of the latter substance is in some samples very con- 
siderable. Some of these facts concerning this insoluble portion 
of the Northamptonshire ore have already been noticed by 
Dr. Percy .♦ 

Owing to the very different degrees of hardness of the various 
constituents of the Northamptonshire iron-ore, there is considerable 
difficulty in preparing good sections for microscopic examination. 
After many trials of different methods, I have found that the 
best plan for studying the internal structure of the rock is to 
prepare a number of polished surfaces, and to etch these to 
a greater or less extent with hydrochloric acid, by which means, 
of course, the siliceous materials of the rock are seen standing 
out in relief. In sections thus prepared we observe that the quartz 
grains are scattered irregularly through the mass of ferruginous 
matter in which the oolitic concretions are embedded. The 
latter, when seen in section, present very different appearances. 
Sometimes we find only a single outer coat of siliceous matter 
enclosing several more or less decomposed grains of quartz ; in 
other cases the whole mass of the concretion is made up of con- 
centric siliceous coats; and between these two extremes we may 
observe every intermediate variety. The intervals between the 
siliceous coats are filled either with carbonate or with hydrated- 
peroxide of iron. The siliceous coats do not appear in any case to 
be so compactor continuous, as to prevent the acid from penetrat- 
ing and extracting the soluble material enclosed between them. 

In the hard laminte of the weathered rock the oolitic concre- 
tions can usually only be seen by making poHshed sections, but 
in the light-coloured, earthy material they are usually visible, 
even to the naked eye, and are in such a state of decomposition 
that the several coats composing them may be successively broken 
and removed with the point of a needle. The thin layer of a 
bright yellow tint, which often adheres to the inner sunaces of 
the dark brown laminsB, is easily seen, when viewed with a low 
power, to be farmed as follows : — The oolitic grains of the interior 
soft mass have adhered to the investing, dark-coloured mineral, 
and, owing to the friability of the former, the unattached portions 
of these grains have been broken away, leaving fragments of one 
or more of the coats still attached to the laminsB. 

* Metallurgy, Iron and Steel, pp. 225-6. 
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IV. — Chemical Charaotebs of the Northampton Sand. 

There have been already published a considerable number of 
very accurate and detailed analyses of the Northamptonshire 
iron-ore. 

In Dr. Percy's work on the *' Metallurgy of Iron and Steel,'** 
there are given no less than eight such analyses made by 
Messrs. Spiller, Riley, and Dick, and these have especial value, 
as furnishing us with the exact composition of the portions of the 
ore which are respectively soluble and insoluble in hydrochloric 
acid. 

To Mr. Maw we are indebted for the publication of two very 
complete analyses by Mr. David Forbes, and of some more partial 
ones by Dr. voelcker.f 

" Analysis, by Mr. John Spiller, of Northamptonshire Iron-ore from 
Wellingborough. 

Sesquiozide of iron ... 

Protoxide of iron . - - 

Protoxide of manganese 

Alumina .... 

lime .... 

Magnesia .... 

Potash . - . - 

Silica .... 

Carbonic acid 

Phosphoric add ... 

Sulphuric add ... — — 

Bisulphide of iron - . - (T*03 — 

^**®' IcJi^i^'^ I I 11-37 11-28 

Org^anic matter ... — — 

Ignited insoluble residue - - 13*55 13' 59 

100-27 



a. 


b. 


52-20 


51-93 


trace. 





0-51 


.^ 


7-13 


— 


7- 13 


7-39 


0-57 


0-54 


1-60 


1-77 


4-92 




1-26 


— 



Ignited insoluble residue. 

Silica . . . - 11*56 

Alumiua .... 0-261 

Sesquioxide of iron - - - 0*66/ 

Lime .... 0-33 

Magnesia - - - - 0*11 

Potash . . . . — 



12-92 
Iron, total amount - - 37*00 

" lliis ore consists essentially of earthy hvdrated sesquioxide of iron. It is 
oolitic in structure and ochre-brown in colour. The insoluble residue con- 
sisted almost entirely of siliceous oolitic concretions, but on dissolving these in 
potash a small amount of residue was left, containing ouartzose sand, scales of 
mica, and minute si>herical particles of ma^etic oxiae of iron. A trace of 
copper was detected in a solution of 660 grams of the ore." 



* Pp. 208, 209, 225, and 226. 

t Quart. Joum. Qeol. See, vol. xxiv., pp. 395-397. 
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« Analysis, by Mr. Edward Rilsy, of Northamptonshire Iron^re from 
Wellingboiough. 

Sesquioxide of iron - - - . 34*41 

Protoxide of iron - - - . trace. 

Protoxide of manganese - - - - 0*27 

Alumina - - . . . - 6*19 

J^me 26*68 

Magnesia. - - . . . o*86 

Potash _ 

Silica - 0*89 

Carbonic acid - - . . - 18*45 

Phosphoric add - - - - - 1«47 

Sulphuric acid - - - - . 0*07 

Bisulphide of iron - - - - 0*30 

^^*-{^dS:t : : : : «:;; 

Organic matter - - . . . 

Ignited insoluble residue - - - - 5-82 



101*37 



Ignited vMoluble residue. 



Sib'ca --.--. 5-80 

Alumina - -1 

Sesquioxide of iron j ' " " " ^ ** 

Lime - - - - - - o*04 

Magnesia ..... q.(^ 

Potash _ 



Iron, total amount 

" This was similar to the last, but ochre-jellow in colour. The insoluble 
residue for the most part consisted of siliceous oolitic concretions, and con- 
tsined also quartzose sand, mica, and small black particles of magnetic 
oxide of iron." * 



"Analysis, by Mr. Edward Riley, of Northamptonshire Iron-ore from 
Wellingborough. 



Sesquioxide of iron 


.. - 


60*31 


60-48 


Protoxide of iron 


. 


trace. 




Protoxide of manganese 


0*51 


0*46 


Alumina 


. 


7-25 


_ 


Lime 


- . 


11*76 


11-87 


Magnesia - 


. 


0*62 


0-60 


Potash 


. 


— 


... 


Silica 


. 


0-22 


0*36 


Carbonic add 


. 


7-98 


7-80 


Phosphoric acid 
Sulphuric add 


. 


1*28 





. 


— 





Bisulphide of iron 


^- 


0-17 


— 


^**®' Icombinea 


ic - 


- 11-00 


11*07 


Organic matter 


- 








Ignited insoluble residue 


9*33 


9*34 



100-43 
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Ignited intolvble reHdue, 



Silica 


, 


8-68 


8*54 


Alumina 


« 


0-27 


0-35 


Sesqiiioxide of iron - 


- 


0-22 


0-26 


Lime 


. 


016 


0-11 


Magnesia 


. 


trace. 


— 


Potash 


- 


o-ii* 


— 



9-34 

Iron, total amount - 35*37 
" This was in all respects similar to the last. A minute trace of a malleable 
metal, apparently lead, was detected in the ore. Nearly the whole of tbe 
silica, it will be perceived, existed in the ^form of oolitic concretions. The 
insoluble residue contained quartzose sand, mica, and small particles of 
magnetic oxide of iron." 

" Analysis, by Mr. Allan B. Dick, of Northamptonshire Iron-ore from 

Hardingstone. 
Sesquioxide of iron - - - - 74*12 

Ptt>toxide of iron - . , - — 

Protoxide of manganese - - - - 0*57 

Almnina - - - - - -1'66 

Lime ------ 0'76 

Magnesia- - - - - - 0*18 

Potash -----.— 

Silica 
Carbonic acid 



Phosphoric acid - 
Sulphuric acid 
Bisulphide of iron 

Organic matter - 
Ignited insoluble residue 



0-43 
0-57 
3-17 
trace. 
0-06 

11-89 
trace. 
7-1 5 

100-45 



Ignited insoluble residue. 

Silica --..-. 5-60 

Alumina - - - - - - 1*36 

Sesquioxide of iron - - - . 0*20 

Lime -----. — 

Magnesia - . . . . trace. 

Potash -----. undetermined. 

7-16 

Iron, total amount - - - 52-05 

'Analysis of Northamptonshire Iron-ore from the East End Iron Works, 
Wellingborough. 

Sesquioxide of iron - - - - 76*00 

Protoxide of iron - - . - . trace. 

Protoxide of manganese - - - . o*40 

Alumina ---... 2*30 

Lime 0*411. 

Magnes»- - - - - . 0*11 i^ 

Potash _ 

Silica _ 

Carbonic acid - - - - . 

Carried forward - - 79-22 

* With tmoei of loda. f Bstinuitod aa oarbonatei. 
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Analysis of Northamptonshire Iron-ore— coii/tii»«</. 

Brouf(ht forward - - 79*22 

Phosphoric acid - 
Salphuric acid 
^Bisulphide of iron 

Water {Jffi^- 

Org^anic matter - 
Ignited insoluble residue 



1-80 
12-40 

6-33 
99-78 



Insoluble residue consisted almost wholly of silica 
with a trace of mica. 

Iron, total amount - - - 53*20 

" This ore was ochre-brown in colour. The sample analysed was an average 
of three specimens. No appreciable amount of sulphur was found in the ore. 

" Analysis of Northamptonshire Iron-ore from the Heyford Iron Works, 

near Weedon. 

Sesquiozide of iron - - - - 56-20 

Protoxide of iron - - - - trace. 

Protoxide of manganese - - - - 0*20 

Alumina - - - - - -2-43 

Lime -.-.-- 0*491^ 

Magnesia- . - . . . 0*17/ 

Potash — 

SUica — 

Carbonic acid ----- — 

Phosphoric acid - - - - - 0-84 

Siilpnuric acid - - - - - — 

Bisulphide of iron - - - - — 

Water /^^yK'**^?^^ " " " " ^'^^ 

^*^' t combined - - - - 9-74 

Organic matter ----- — 

Ignited insoluble residue - - - - 29*07 



100-30 



The insoluble residue consisted of silica with a little mica. 
Iron, total amount - - - 39*34 

"This ore was similar in appearance to the preceding. The sample analysed 
was an average of two specimens. No appreciable amount of sulphur was 
found in the ore." 

" Analysis, by Mr. Allan B. Dick, of the inner and outer portions respec- 
tively of a lump of Northamptonshire Iron-ore. 

Inner portion. Outer portion. 



Sesquioxide of iron - 


— 


38-04 


Protoxide of iron 


33-29 


10-54 


Protoxide of manganese 


1-11 


0-69 


Alumina - - - 


4-62 


12-35 


Lime ... 


0*50 


trace. 


Magnesia . - . 


7-96 


4-13 


Potash 


— 


— 


Silica 


1*99 


1-96 


Carbonic acid 


- 24-79 


0*16 


Phosphoric acid 
Sulphuric acid 


0-22 


0-26 


trace. 


trace. 


Bisulphide of iron - 


0-13 


0*13 


^•*«;SS3't : 


0-54 


6-92 


Organic matter 


0-08 


019 


Ignited insoluble residue 


24*09 


24-61 




99*32 


99-98 



* Estimated ai carbonates. 
82108. 
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Ignited insoluble residue. 

Silica - . - . 17-60 

Alumina - - - - 3*27 

Sesquioxide of iron - - - 3*31 

Lime - . . . trace* 

Magnena - - - - 0*81 

Potash - - - - 0-20 

2509 



21-28 
2-67 


tnoe. 
0-22 
0-38 


24-55 



Iron, total amount - 28-28 34-83 

" The inner portion, it will be observed, consists for the most part of 
carbonate or protoxide of iron, and the outer portion of hjdrated sesquioxide, 
the latter having been clearlj derived from the former by atmospheric action. 
No metal precipitable by sulphuretted hydrogen was detected in a solution of 
880 grains of the inner portion of the ore. On the contrary, extremely minute 
traces of copper and lead were detected in a solution of 744 grains of the outer 
portion of the ore, so that these metals appear to have been communicated 
to the ore by water from without." 

"Analysis, by Mr. David Forbes, F.R.S., &c., of unweathered portions of 
the Northamptonshire Iron-ore from the upper part of a section exposed at 
BUsworth, Northamptonshire. 

Specific gravity, 3*58. 
Protoxide of iron - 49 ' 58 = 79 ' 9 carbonate of iron. 
Sesquioxide of iron - 5' 67 

Bisulphide of iron - * 96 = iron, 0*45; sulphur, 0*51 

Protoxide of manganese ' 1 6 
Alumina - - 1*56 

Lime- - - 3*24 =5*8 carbonate of lime. 

Magnesia - - 0*46 = 1*0 carbonate of magnesia. 

Carbonic acid - 34*64 

Phosphoric acid - 0*44 

Silica- - - 2*16 

Organic matter - trace. 

Water of combination 1 * 56 

100*43 



*' Analysis, by Mr. David Forbes, F.R.S., &c., of unweathered portions of 

the Northamptonshire Iron-ore from the lower part of the same section. 

Protoxide of iron - - - - - 40*93 

Sesquioxide of iron - - - - 6' 14 

Protoxide of manganese - - - - 0*16 

Alumina - - - - - - 8*06 

Lime - - - - - - 3*47 

Magnesia- ..... 2*21 

Potash 0*19 

Soda 0*27 

Sulphur ..---- trace. 

Carbonic acid - - - - - 22*32 

Phosphoric acid - - - - - 1*99 

SUica - - - - - - 9*04 

Water 4*92 

99*72 

"The specific gravity at 60° Fahrenheit was found to be 3*401 ; and an 
examination by the microscope showed it to consist almost entirely of two 
mineral constituents, the one crystalline and colourless, being chiefly carbonate 
of iron, and the other of a green colour, probably silicate of alumina and iron. 
Whether the green colour is due to it or to the presence of phosphate of iron 
is not decided, but it appears probable that a green silicate does exist in the 
mineral." 

" It may be roughly estimated to consist of— 
80 per cent, of carbonate of iron. 
7 per cent, of carbonates of lime and magnesia. 
IH per cent, of silicates of iron and alumina with phosphoric acid* 
and U per cent, of water." 
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" Analysis, by Dr. Voblckkr, F.R.S., of a friable portion of the 
Nortbamptonshire Iron-ore, near Blisworth. 
Protoxide of iron- - - - . 0*875 

Sesquiozide of iron - . - . 21 '280 

Phosphoric acid - - - - - 1'030 

Sulphuric acid - - - - - 0*219 

Silica, lime, alumina, magnesia, &c. not separately 

determined ..... 76'596 
Carbonic acid - - . - . none." 

" Analysis of hard ferruginous cakes and layers, Northamptonshire Iron-ore 
deposit near Blisworth. 

Protoxideof iron - - - - - 1*352 

Sesquioxide of iron - - . . 76*538 

Phosphoric acid - - - - - 0*020 

Carbonic acid - ... - 0*014 

Silica, alumina^ lime, water, &c., not separately 

determined . . - - - 22*076." 

From a comparison of the various analyses it appears that the 
gray carbonated mineral in the Northamptonshire iron-ore con- 
sists of from 60 to 80 per cent, of carbonate of iron, with from 
10 to 25 per cent, of insoluble matter, principally sand and oolitic 
siliceous concretions ; besides these, and existing in smaller pro^ 
portions^ we find the carbonates of the alkaline earths and alksuies^. 
water, carbonaceous matter, sulphur, and phosphorus. These 
last two substances are, unfortunately for the value of tlie rock 
as an iron*ore, always present, and frequently in considerable 
quantity. 

Carbonate of iron is a salt which when crystallized is trans<< 
lucent and perfectly colourless, and in its amorphous forms is of 
a pure white colour ; hence we are at once led to inquire what is 
the nature of the colouring matter in the rock which we are 
studying. The colours, as we have already seen, are various 
shades of dull blue and green ; the colouring matter, it is pro- 
bable, bears only a very small proportion to the mass of the rock, 
the blue colon* being certainly not more intense than in many 
limestones which weather almost perfectly white, and which when 
analysed are found to contain only a very small per-centage of 
iron. M. Ebelman has shown* that the cause of the blue colour 
iu many oolitic limestones is the existence of a small quantity of 
sulphide of iron diffused through the mass, and I feel little doubt 
that the blue colour exhibited by some varieties of the un- 
weathered Northamptonshire ore is to be attributed to the same 
cause. With regard to the green colour of other varieties there 
is probably still less difficulty in deciding on its true origin ; the 
various protosalts of iron which, with the exception of the car- 
bonate, are almost all of a pale green tint, at once suggest them- 
selvesy and especially the silicate and the phosphate. It is the 
latter of these salts I am myself inclined to suggest as giving rise to 
the colour in question, from the fact that in my various estimations 
I have always found sulphur to be in excess in the blue varieties, 

* Bull. Soc. GM. de France, 2nie S^r. Toio. IX., p. 221. 

I 2^ 
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and phosphorus in the green ones. This view receives some sup- 
port from the analyses of Mr. Forbes, which show the following 
results : — 

Green variety. — Sulphur- trace. Phosphorus- 1'12 
Blue „ „ - 0-51 „ - 0-25 

The skeletons of the oolitic concretions in the Northampton- 
shire ore, which are insoluble in hydrochloric acid but are readily 
dissolved by a solution of potash, appear to be composed of more 
or less acid silicates of the alkaline earths, iron, and the alkalies. 
It would also seem that there is contained in the rock some basic 
silicates, as a small quantity of silicic acid is always found in the 
Jiltrate after digestion in hydrochloric acid. The grains of sand 
consist of almost pure silica. Besides the quartz grains and the 
siliceous concretions, the insoluble residue contains scales of mica, 
carbonaceous particles, both of which are occasionally present in 
considerable quantities, and, according to Dr. Percy, grains of 
magnetic oxide of iron. 

In both the weathered varieties of the rock, the insoluble residue 
appears to be identical with that which we have just been describ- 
ing. The composition of the soluble portion is, however, very 
diflerent, consisting mainly of hydrated peroxide instead of car- 
bonate of iron ; alumina, lime, and magnesia are also present, but 
in much smaller quantities than in the unweathered rock. The 
relative proportions of the ingredients of the two varieties of the 
weathered rock are strikingly different; in the light-coloured 
earthy mineral the insoluble siliceous matter is in excess, and the 
proportion of metallic iron seldom exceeds 20 per cenL ; in the 
hard and dark-coloured mineral forming the intersecting laminae, 
on the other hand, the per-centage of iron frequently rises to 
between 50 and 60, while that of the siliceous matter is pro- 
portionately small. An interesting inquiry here presents itself as 
to what are the relative proportions of these two varieties of 
mineral in the mass of the ironstone rock. This is of course 
subject to great variation, but by taking average examples and 
following the method used in similar inquiries by Mr. Sorby, 
namely, drawing to scale a map of a section and from this cutting 
out the portions representing the two varieties and weighing 
them separately on a delicate balance, I obtained the following 
result: — In 100 parts of the rock there were 28 of the dark- 
brown material and 77 of the light-coloured. 

It will be observed that the brown rock would be formed from 
the gray by the svbtraction from the latter of carbonic acid and 
a quantity of the alkaline earths and alkalies, and the addition 
to it of oxygen, to peroxidize the iron, and water. 

V. — On the conditions under which the Nobthakp- 

TON Sand was deposited. 
With reference to this portion of the subject a paper was read 
at the meeting of the British Association in 1868.* Mr. Jecks, 

* CoUiery Guardian, vol. xvi. p. 197, and Rep. Brit Assoc, for 1868. Trsns. of 
Siections, p. 69. 
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the author of that paper, suggested that the formation was de- 
posited by large rivers which carried sandj mud, and a solution 
of iron into the sea, and that, by oscillations of the land, truly 
marine conditions were alternated with the estuarine. 

With that part of the theory which refers the Northampton 
Sand to the delta deposits of one or more great rivers, I am 
perfectly ready to agree, believing that few geologists who have 
examined the irregular manner in which these strata are accu- 
mulated, their rapid variations in character both vertically and 
horizontally, the oblique lamination of some of the beds, indi- 
cating the action of currents constantly varying in force and 
direction, the alternation of brackish water with marine conditions, 
the abundance of the remains of plants, and the evidences of 
actual land surfaces; in the intercalated beds of lignite and the 
vertical vegetable remains, will be disposed to doubt that we 
have here unequivocal evidence of the existence of estuarine 
conditions. 

When we consider the constant changes which take place in a 
large delta ; — how, on the one hand, by the throwing up of sand 
bars, tracts before covered by the sea are converted into lagoons 
of brackish water, or on the other hand, in consequence of the 
breaching of these bars by tidal action, the lagoons are put in 
free communication with the sea, and again by means of the 
silting up of lagoons land surfaces are formed capable of sup- 
porting a rank growth of vegetation, — it will not, I think, be 
difficult to account for the deposition of the sands and clays 
constituting the Northampton Sand, without finding it necessary 
to have recourse to the hypothesis of oscillations of level ; at the 
same time I am of course far from denying that such a cause may 
have operated to a certain extent. 

From the fact of the beds of the Northampton Sand having a 
constant tendency to thin out towards the south-east, as Mr. Hull 
has well shown,* it may be conjectured that the river or rivers 
which deposited them flowed from the north-west, and this is 
perhaps confirmed by the fact that the materials of which the 
beds are composed are such as might be furnished by the degra- 
dation of the carboniferous and other palaeozoic rocks. It is of 
course probable that in the Northampton Sand a formation only 
averaging from 20 to 80 feet thick, we have only a very slight 
vestige preserved of the large amount of material brought down 
and deposited during the period. 

Towards the close of the period, we find evidences of a gradual 
passage into the marine conditions, under which the superincum- 
bent limestones were deposited, these latter consisting almost 
entirely of dead-^hell banks and coral reefs. Above the lime- 
stones we have indications of the return, probably after the lapse 
of a very considerable period, to estuarine conditions, in the beds 
so well exposed in the cuttings of the Great Northern Railway. 



* Quart. Joum. Geol. Soc, vol. xvi. p. 63. 
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near Essendine, and so fully and clearly described by Professor 
John Morris.* 

VL — Mode of Formation of the Northamptonshire 

Iron-Ore. 

That portion of the theory of Mr. Jecks which deals with the 
question of the origin of the iron in the rocks of this formation 
is^ like all the hypotheses which refer iron-ores to direct deposition, 
beset with grave, I believe T may even say, insuperable difficulties. 

The condition in which iron usually exists in solution in 
nature is as ferrous carbonate, which is soluble to a very con- 
siderable extent in water containing an excess of the acid. Thus 
in chalybeate springs a very considerable per-centage of iron is 
maintained in solution ; but when these springs flow into a 
running stream the iron, as is well known, is almost instantly 
deposited as hydrated peroxide ; this is due to two causes, first, 
the large exposure of the water to the atmosphere in the ever 
varying surface Oi the stream by which carbonic acid is given 
off, and oxygen from the air absorbed, and second, the action 
of living plants in the stream, which absorb carbonic acid and 
give off oxygen ; by these means the very unstable ferrous [car- 
bonate is rapidly decomposed, and the iron in the form of brown 
oxide deposited on the plants and stones in the bed or on the 
sides of the stream. I have on several occasions analysed the waters 
of small brooks in coal measure districts, and have invariably 
found that, although many springs which were strongly chalybeate 
flowed into these streams, and their beds were in consequence 
coated with thick deposits of peroxide, yet the quantity of iron 
in solution in their waters was almost inappreciable. I do not 
believe therefore that the water of any great river, or of the sea 
can ever contain more than the minutest trace of iron in solution. 
Kow in the Northamptonshire iron-ore we are dealing with a 
rock, not merely coloured by iron, but one which is a true iron- 
stone, containing from 30 to 50 per cent, of the metal ; a rock 
which we cannot possibly conceive of as being deposited in an 
open sea or river. 

It may at first sight appear that in the Swedish lake ores^ and in 
the bog ores we have examples of the <fzrec^ deposition of iron-ores, 
which contradict the foregoing statements. This is however not 
the case, as the former class of ores are never deposited in run- 
ning waters, but only in shallow stagnant pools, among the roots 
of plants; while the accumulation of both kinds appears to be 
due to the agency of organic beings. 

We have already seen that the condition in which the iron 
originally exists in the ironstone is as ferrous carbonate. For the 
reasons I have already detailed, it is impossible to believe that 
such an unstable salt could have been slowly accumulated to the 
thickness of many yards in the sea or an open estuary without 
undergoing decomposition. 

♦ Quiirt. Journ. Gcol. fcjoc, vol. ix. (1853), p. 317. 
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The abundance of molluscan remains in some of the beds of 
ironstone^ indicating as we have seen that the animals lived and 
died upon the spot^ precludes the idea that the medium in which 
the beds were deposited could have been a strong solution of iron. 

The fact that many of the shells in the unweathered rock are 
more or less completely converted into carbonate of iron is, as 
Mr. Sorby has shown in the case of the Cleveland ore^ a strong 
proof of the metamorphic character of the rock. 

The existence of thin lenticular beds of white clay in the midst 
of the ironstone in some localities, as Desbro' and Neville-Holt, 
is a very significant fact. If the strata were deposited in water 
containing a large amount of iron in solution, the effect of a 
temporary change &om sandy to clayey characters in the sus- 
pended matter, would be that we should have an argillaceous 
ironstone intercalated among the arenaceous ones, and certainly 
not that we should have a bed of perfectly white clay in the 
midst of a mass of ferruginous strata. On the other hand by the 
hypothesis that the iron was introduced after the other materials 
of the rock were deposited and partly consolidated, this pheno« 
menon is readily accounted for by the pervious character of the 
sands and the imperviousness of the clay bands. 

Again the theory of direct deposition affords no explanation of 
the origin of the singular oolitic concretions, so characteristic of 
the Northamptonshire iron-ore. 

The foregoing considerations are, I believe, sufficient to lead 
us to the oonclusion that the hypothesis of the direct deposi- 
tion of the Northamptonshire iron-ore is altogether untenable. 
Mr. Sorby has shown* that the microscopic and chemical 
features of the Cleveland iron-ore are such as to lead us to the 
conclusion that it is an ordinary limestone altered by the perco* 
lation through it of water containing; carbonate of iron in solution. 
The various facts which we have adduced in the present chapter 
all appear to point towards the hypothesis that the iron-ore of 
Northamptonshire is a similarly altered condition of the ordinary 
white Northampton Sand,t and that this alteration has often take 
place in a very local and capricious manner. 

We have already described how in the iron-ore, when unwea- 
thered, we find many of the characters of the non-ferruginous sands, 
the abundance of plant remains (many of them vertical), the beds 
of lignite, the general absence of fossils through the mass, the thin 
zones crowded with mollusca, sometimes of marine and at others of 
brackish- water species, and the similarity of a part of the insoluble 
basis oF the ironstone with the materials which compose the white 
sands of the formation. 

The peculiarities of the section at Exton which I have referred 
to are also readily explained by this hypothesis, when we remember 

* l*n)c. Gcol. and Polytcc. Soc. W. Riding of Yorkshire for 1866. 

t It might be argued that the white sands are a bleached condition of the 
ferruginous bods ; but that the former have not undergone a double process of 
motamorphism is at once demonstrated by the state of preservation of their foosil 
shells, which not unfrequently retain even their nacreous lustre. 
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that each of the thin laminae of ironstone rests upon a band of 
clay ; the fact too that the Northamptonshire iron-ore, whatever 
its thickness, always rests directly upon the Lias Clay is also in 
the same way easily accounted for. 

It must be remembered that the action of the water contained 
in the substance of rocks at great depths in the earth is very 
different from, and much more intense than, that of the same agent 
on the surface. Under the combined influences of heat and 
pressure, water has been shown to possess solvent powers of which, 
under ordinary conditions, it exhibits scarcely the faintest trace. 
All geologists are now agreed that water, probably often in large 
quantities, is contained in the substance of rocks deeply seated in 
the earth ; such water is probably the source of supply for roost 
hot and mineral springs, which in 'many if not in all cases, appear 
to be connected with faults or other disturbances of the rocks 
whence they arise ; these disturbances appear to have been the 
means by which the passages have been opened through which the 
waters reach the surface. I need scarcely refer to the part that 
these subterranean waters are supposed to play in producing the 
phenomena of volcanoes and earthquakes, by a large school of 
geological theorists. 

It would be easy to show, were it necessary, from the immense 
amount of denudation which has taken place in the district, that 
the beds of iron-ore now exposed to our observation must have 
been long buried at great depths in the earth ; during this period, 
one of almost inconceivable duration, water containing carbonate 
of iron would appear to have constantly penetrated the porous 
sandy rock and thus gradually effected its metamorphosis into an 
iron-ore. The action of this water would be twofold: — in the 
first place it would deposit around the grains of sand and in all the 
interstices of the rock, the dissolved carbonate of iron, and in the 
second place, acting under the favourable conditions of great 
pressure and high temperature, it would dissolve a portion of the 
silica and other ingredients of the rock. Of the matter thus 
dissolved, one portion appears to have been redeposited in new 
combinations and, with the *carbonate of iron, to have formed the 
oolitic concretions, while the remainder was probably carried away 
in solution. 

That the theory which we have been describing is free from 
difficulties we are far from affirming, but we nevertheless believe 
thnt the difficulties which it may present are rather negative^ 
the result of our ignorance of chemical forces and processes, than 
positive and opposed to laws which have been nlready well 
established. It must be remembered how little has yet been done 
in explaining the nature of the operations by which metallic com- 
pounds, diffused through great masses of rock, are concentrated 
and collected into beds and veins. The difficulty of such investi- 
gations probably arises from the minuteness of the causes them- 
selves, which nevertheless, by their constant action through periods 
of time of almost inconceivable duration, have produced results 
BO stupendous in themselves and so beneficial to mankind. The 
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experimentalist^ too, is constantly hampered by the circumstance 
that, limited as is his control over the conditions of heat^pressure, 
and the other physical forces, yet his command of the all-essential 
requisite, time, is restricted within still more narrow bounds. 

VII. — Causes of the Redistbibution of the Ibon in the 

NOBTHAMFTONSHIRE ObE. 

We have already pointed out the principal circumstances con- 
cerning the relative distribution of the carbonated iron-ore and. 
that in the condition of the hydrated peroxide, which lead us to 
the conclusion that the latter is simply the weathered condition 
of the former. As, however, a theory quite at variance with this 
has been advanced in a very interesting paper published by 
Mr. Maw,* it will be necessary to examine some of the phenomena 
in a little more detail, and to enter on the inquiry of their bear- 
ing on the two hypotheses. The author of the memoir just 
referred to, supposes that originally the whole of the ironstone 
beds of the ^Northampton Sand consisted of a nearly uniform 
mixture of the carbonate and peroxide, and that by two processes 
of *' segregation^^ similar in kind but opposite in their modes of 
action, the particles of carbonate moved towards a number of 
nuclei, and thus formed detached nodules in the midst of the mass, 
while the particles of oxide moving in an opposite direction were 
accumulated into those hard cakes, which by '< mutual pressure '' 
tended to assume that cellular arrangement so characteristic of 
the rock. 

In considering this theory several serious difficulties meet us at 
the very outset 

First How, on such an hypothesis, is the strikingly rectangularly 
prismatic form of the cells to be accounted for? This structure is 
most admirably illustrated in one of the beautiful plates accom- 
panying Mr. Maw's paper. <^ Mutual pressure'' would tend to 
the production of cells of irregular polyhedral forms, which would 
present in section the figures of irregular polygons, and certainly 
not prisms with nearly rectangular sections. That this cellular 
structure is in some way connected with the jointing and bedding 
of the rock will, we believe, be manifest to any geologist who is in 
the habit of studying sections of the rock ; this view is strikingly 
confirmed by the fact that in some places, as at Easton, the direc- 
tion of one set of the sides of the cells is found to exactly coincide 
with that of the "master-joints'* of the superincumbent lime- 
atones. 

Second. We might fairly, on the hypothesis of Mr. Maw, expect 
to find in the central nodules of carbonate of iron some trace of 
a concentric arrangement. But although I have had constant 
opportunities of examining large numbers of these and have fre- 
quently prepared polished sections of them, yet I have never been 
able to detect even the slightest trace of any such structure. 

* On the Disposition of Iron in Variegated Strata. Quart. Journ. Geol. Soc. 
"vol. zziv., pp. d95-S98. 
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That the whole of the Northamptonshire ore once existed in 
the form of the gray carbonated mineral, and that the two varieties 
of the brown peroxidized mineral are only altered conditions of 
the original rock is^ I believe, at once suggested by a study of 
the general features of the formation, and strongly confirmed by 
an examination of its lithological, microscopic, and chemical 
characters. The cause of this edteration was none other than 
the percolation of atmospheric water through the substance of 
the rock, to which it had gained admission by the planes of 
bedding and jointing. The competence of this cause to produce 
the effects which we have assigned to it will scarcely be doubted 
by those who have witnessed the great depth of some of the 
" gossans," which cover mineral veins, and which are admitted on 
all hands to have been formed from the latter by weathering. 

The distilled water which falls upon the earth in the form of 
rain is, of course, free from solid matter in solution. During its 
formation and fall through the atmosphere it dissolves a portion 
of its ingredients, namely oxygen and nitrogen (the former being 
the more soluble of the' two) with traces of carbonic acid and 
ammonia. In the districts composed of the Northampton Sand 
and the overlying oolite limestones, the rain which falls is almost 
entirely and very rapidly absorbed; indeed the capacity of 
absorption in these rocks appears to be practically unlimited, for 
not only do many of the streams flowing over boulder clay 
instantly disappear under ground by means of swallow holes, 
when they reach the junction of the clay and limestone or sand, 
but it is a constant practice in the district when draining the 
clays to carry the pipes not into a stream, but to an excavation in 
the rock, and these artificial swallow-holes are found never to 
fail in their object, even during the heaviest rainfalls. The Upper 
Lias Clay or the unweathered ** rock-bed *' of the Northampton 
Sand is, as we have already seen, the great water-bearing bed of the 
district, and every where along the lines of junction, at the surface, 
or wherever a well is sunk, very copious springs are poured out. 

Let us now inquire what is the chemical character of the water 
of these springs. In the first place we may notice that, it is never 
chalybeate; the few springs of this character in the district have 
seldom any connexion with the Northampton Sand, but on the 
other hand appear to be connected with the lines of fault. The 
water of these springs, however, is very hard, and their hardness 
is in a great measure of that kind know to chemists as temporary 
hardness ; in other words, the water contains a large amount of 
mineral matter, principally the carbonates of the alkaline earths 
which are kept in solution by the presence of an excess of carbonic 
acid. A very simple calculation would be sufiicient to show the 
enormous quantity of material which must every year be removed 
from the substance of these rocks by the agency of springs. Now 
the substances which are dissolved in the waters of these springs 
are carbonic acid, carbonates of the alkaline earths and alkalies, 
with minute quantities of alumina, silica, and iron, and these are 
precisely the materials which, if abstracted from the grey car- 
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bonated mineral oF the Northamptonshire ore, would bring it to 
the peroxidized condition of the same rock, allowance l)eing made 
for the addition of oxygen and water which enters into it from 
the atmosphere. 

The action of the atmospheric water entering the rock by 
means of the bedding and joint planes would have been as 
follows: — Carbonate of iron is as we have seen rapidly decom- 
posed in the presence of free oxygen, hydrated peroxide of iron 
being formed and carbonic acid set free^ tho last being of course 
at once dissolved by the water. The carbonated water is now 
in a condition to act on the soluble portions of the iron-ore, 
which we harve seen to consist of a small proportion of the 
alkalies and a much larger proportion of the carbonates of the 
alkaline earths, these it rapidly dissolves as well as minute 
quantities of alumina and silica, while traces of the iron may 
escape re-precipitation, and thus the hard waters of the springs be 
formed. Proofs of the constant passage, of water through the 
rock of the Northamptonshire ore are seen in the numerous 
surfaces covered with stalagmitic deposits and the empty double 
casts of shells from which the materials of the shell substance have 
evidently been dissolved. 

But, besides the removal of the carbonic acid and certain 
soluble materials from the rock, it has undergone another most 
remarkable change, by the redistribution of the iron within it, and 
the production thereby of the cellular structure. The accumu- 
lation of oxide of iron, in laminse roughly parallel with the 
bedding and jointing of the rock, is by no means peculiar to the 
Nortluonptonshire ore, though perhaps in it carried to a greater 
extent in it than in any other formation ; similar phenomena are 
exhibited by many rocks containing more or less iron, when 
they become weathered, as the Marlstone Rock-bed, parts of the 
Great Oolite, and the Cornbrash. From the study of a large 
number of these cases, we are led to the conclusion that in all 
of them the penetration of atmospheric water is the cause, con- 
cerning the modus operandi of which we venture to make the 
following suggestion : — 

We have already seen that the light-coloured mineral contains 
a much smaller, and the dark-coloured a much larger, per-centage 
of iron than the normal condition of the carbonate, in which the 
iron is evenly distributed throughout ; and a moment's consi- 
deration is sufficient to convince us that the transfer of the iron 
through the substance of the rock could only have taken place 
when the former was in a state of solution. Now, as the water 
containing oxygen penetrates into the substance of the rock from 
a joint or bedding plane, its first effect would be to part with its 
oxy^ren and to take up a quantity of carbonic acid ; but carbonate 
of iron being very soluble in water containing carbonic acid, the 
liquid contained in the inner portion of the rock would soon 
become strongly chalybeate ; this liquid, passing outwards by 
diffusion, would meet fresh water entering containing free oxygen, 
and at the place where the two liquids came into contact we 
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should instantly have a precipitation of hydrated peroxide of iron. 
This deposition of insohible material would of course be liable 
to take place in planes roughly parallel to those from which the 
water acted, and when once such a barrier as this was commenced 
in the midst of the rock, to however slight a degree, it would 
constantly tend to increase, by retarding alike the outward passage 
of the chalybeate water and the inward passage of the oxygenated 
water. Thus, along the planes first marked out in the rock iu 
the manner we have described, a fresh precipitation of the oxide 
of iron would .continually take place, and these portions of the 
rock would become dense, compact, hard, and dark-coloured, while 
the remaining portions would by the removal of material be 
rendered light, earthy, soft, and pale-coloured. It is evident that 
if this operation were repeated a number of times, as it certainly 
might be, we should have produced a concentric structure similar 
to that which sometimes occurs in the Northamptonshire ore. 
Again, it is well known that the hydrated oxide when precipitated 
from a solution of iron tends to assume mamillated, botryoidal, and 
other peculiar forms, and thus the similar characters, which we 
have seen to be so frequently presented by the surfaces of the 
hard laminas in the rock, are readily accounted for. Tiie dark- 
brown, glazed surfaces of the casts of the fossils in the weathered 
ironstone rock may be similarly accounted for, when we consider 
the tendency which there will be for water to accumulate in the 
spaces left empty by the solution and removal of the substance of 
the shells. 

VIII. — Conclusions. 

I will now give a brief recapitulation of the conclusions of the 
present chapter, in the form of a sketch of what I conceive to 
liave been the history of the formation of the Northampton Sand. 

We find, in what is now the Midland district of England, and 
at a period separated by a long interval of time from that of the 
last deposit in the area, the Upper Lias Clay, that a number of 
considerahle rivers, flowing through the palaeozoic district lying 
to the north-west, formed a great delta. Within the area of this 
delta the usual alternations of marine, brackish-water, and terres- 
trial conditions occurred, and more or less irregular accumula- 
tions of sand or mud, in strata of small horizontal extent, took 
place. Subsequently, and probably in consequence of the gradual 
depression of the area, the conditions were changed, and in an 
open sea of no great depth, by the abundant growth of coral 
reefs and the accumulation of dead-shell banks during enormoui? 
periods of time, the materials of the great deposits ol the Lincoln- 
shire Oolite limestone were formed. On a re-elevation of the 
area the former estuarine conditions were also reproduced and 
similar deposits, but of an argillaceous rather than an arenaceous 
character, were formed. Confining our attention to the earlier of 
these two estuarine series, that of the Northampton Sand, we must 
imagine the beds as being carried down to great depths in the 
earth by the deposition upon them of the superincumbent strata. 
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But at the same time another most important eause has come 
into operation, namely, the passage through some portions of the 
rock of subterranean water containing carbonate of iron in 
solution. By this agent carbonate of iron was deposited in the 
substance of the rock, while portions of the siliceous and other 
materials were dissolved ; and these, entering into new combina- 
tions, were in part re-deposited in the mass of the rock in the form 
of oolitic grains, and in part, probably, carried away in solution 
During the existence of the beds under a great pressure of over- 
lying rocks, they would likewise become consolidated and jointed. 
These metamorphio processes would probably take place with 
extreme slowness, and may possibly still be going on, where the 
rock remains deep seated in the earth ; by their means portions, 
greater or less, of the sandy strata, but always those resting 
immediately on the impervious Upper Lias Clay, would be gradually 
converted into solid and jointed rock beds, composed principally 
of carbonate of iron. The next stage in the course of alteration 
in these rocks would commence when, by the action of denudation, 
portions of them were brought again near to the surface, so as to 
be traversed by the atmospheric waters, entering them as rain and 
passing away from them as springs. The action of this water is, 
as we have seen, to remove the carbonic acid and soluble salts, 
to change the protoxide of iron into hydrated peroxide, and to 
redistribute it in such a manner as to produce the remarkable 
cellular structure of the rock, and also the mammillated, botryoidal, 
and sculptured surfaces. Finally, by mechanical, as distinguished 
from chemical, sub-aerial denudation, the beds of Northamptonshire 
iron-ore nearest the surface are disintegrated and broken up, and 
the softer and less ferruginous portions to some extent carried 
away in suspension, and thus deposits, composed of the harder and 
denser materials, formed, constituting the bed usually worked as 
an iron-ore. 

If the arguments and deductions brought forward in this chap- 
ter be accepted, it will be seen that the formation and metamor- 
phoses of this rock are alike principally due to one agent, toa/er, 
acting under various conditions. The rain which falls upon the 
surface of the land may be disposed of in one of four ways. First 
It may be returned, almost as soon as it falls, to the atmosphere by 
evaporation, without producing any effect on the rocks. Second. 
It may produce direct mechanical erosion by flowing over the 
surface and collecting into watercourses. Third. It may penetrate 
into the rocks by their joints and fissures, and after effecting within 
them chemical disintegration, thereby rendering them more suscep- 
tible of mechanical degradation, reappear as springs to swell the 
mechanical action of the portion before mentioned. Fourth, It 
may penetrate the substance of the more deeply seated rock- beds 
and, aided by heat and pressure, effect various metamorphoses 
within them, probably also giving rise to the phenomena of 
mineral and hot springs, earthquakes, and volcanoes. 

It may fairly be objected that, in the foregoing remarks, we 
have not succeeded in giving a complete explanation of all the 
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circumstances connected with the origin of the remarkable and 
very interesting rock of the Northamptonshire ore. On the other 
hand, as an important part of every inductive inquiry consists in 
the examination of all possible hypotheses and the rejection of 
those which are proved to be untenable, thus narrowing the range 
of speculation within certain determined limits, we venture to hope 
that the foregoing observations will proye to be a contribution 
towards the solution of a problem of great difficulty and obscurity. 
The questions of the original source of the iron, the mode of its 
accumulation in subterranean water, of the nature and mode of 
action of the molecular forces which produce mammillation and 
other allied phenomena, and which certainly follow laws, it may be 
more complex, but not less definite than those of crystallization,— 
these are subjects which have scarcely yet been attacked by 
geologists, but concerning which, in spite of their difficulty and 
obscurity, the secrets will assuredly one day be wrung from nature, 
by combining patient observation with persevering experiment 



139 



CHAPTER VIL 

LINCOLNSHIRE OOLITE LIMESTONE, WITH THE 
COLLYWESTON SLATE. 

This series of limestones was formeriy considered as the equiva- 
lent of the Bath Oolite, but is now, on conclusive stratigraphical 
and pala&ontological evidence, referred to the Inferior Oolite. For 
the grounds on which these strata have been removed from the 
Great Oolite to the Inferior Oolite series, and the reasons for 
the nomenclature which I have proposed for the several members 
of the Lower Oolites in the Midland district, I must refer to the 
Introductory Essay to this Memoir (see pp. 1-40). Although the 
formation extends northitvards into Yorksnire, and southwards into 
North- Northamptonshire, yet it attains its greatest thickness and 
prominence in the coimty rrom which it takes its name. Its hori- 
zontal extent is, however, by no means commensurate with its 
great thickness and importance, for it is found to thm away rapidly 
southwards, eastwards, and northwards; it should probably be 
considered as the eastern portion of a great lenticular mass of 
marine limestones intercalated between the Upper and Lower 
Estuarine Series. 

The beds of the Lincolnshire Oolite displa;^ very various 
characters in different localities. Two aspects which it assumes, 
however, may be specially characterised. 

The first of these we have called the ** coralline facies " and it 
is characterised by beds of slightly argillaceous limestone, of com- 
pact, sub-crvstalline, or but shghtly oolitic texture, abounding with 
corals, which are usually converted into masses of finely crystallized 
carbonate of lime. The shells, which by their CTeat abimdance 
specially characterise this facies, often occur in the U)Tm of casts only, 
and consist of several species of Nerinwa, NcUica Leckhamptanensis, 
Lye, Pholadomya Jidiculay Sow., and P. Heraulti, Ag., Geramya 
Bajocianoj d'Orb., Pinna cuneata, Phil, Mytilus Sowerhyanusj 
d'Orb., several species of Limay and Terebratuta submaxUkOa, Mor. 
The patches of limestone rock constituted in this manner afford 
ample evidence of having once been coral reefs ; * near Castle 
Bytham a pit is opened in a rock seen to be almost wholly made 
up of corals. 

The other variety of the Lincolnshire Oolite, which we have called 
the *^ shelly facies," consists almost wholly of small shells or fragments 
of shells, sometimes waterwom and at other times encrusted with 
carbonate of lime. The shells belong to the genera CerithitMUf 
Trochus, Manodanta, Turboj Nerinoea^ Astarte^ Limay Ostreay PecteOy 
TriffomOf Terebratula Rhynchonetta, &c. ; and spines and plates of 
Echinoderms, joints of Pentracrinites, and teeth of fishes also occur 
abundantly in these strata, which exhibit much false bedding. 
The Gasteropods are usually waterwom, and the specimens of 

* Kmilar coral ree& in other portions of the oolitic series have been described by 
Br. Wbioht in an interesting memoir pnbltshed in he Proceedings of theCk>tte8wold 
Club. 
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Conchifera and Brachiopoda usually consist of single valves often 
broken and eroded. These beds it is clear were originally dead- 
shell banks, accumulated under the influence of constantly varying 
currents. 

The rocks of the two faeies of the Lincolnshire Oolite do not 
maintain any constant relations with one another ; at some places, 
as Barnackand Weldon, beds of the shelly faeies occur almost at 
the base of the series, while at others, as about Geddingtou and 
Stamford, the strata with the coralline faeies occupy that position. 
Sometimes, as at Eetton and Wansford, we find beds in the Lin- 
colnshire Oolite entirely made up of fine oolitic grains, and these 
constitute some of the most valuable freestones. Very rarely the 
grains of which the rock is composed are very coarse, and it becomes 
a pisolite. At some points, as near Little Bytham, the rock 
assumes a very singular character, being filled with irregular 
masses, each surrounded by a thin pellicle of carbonate of lime, 
which when broken across are seen to be made up of the usual oolitic 
grains. Sometimen, especially at the top of the series, the beds of 
the Lincolnshire Oolite assume variegated tints, red and purple 
being the predominant colours. 

A striking feature in all the beds of the Lincolnshire Oolite is 
the almost total absence of shells of the Cephalopoda, and in this 
respect, as in many others, it resembles the freestone beds both of 
the Great and the Inferior Oolites of the south-west of England; 
all of these beds, indeed, were evidently deposited under very 
similar conditions. 

It is evident that the great mass of the Lincolnshire Oolite was 
deposited under moderately deep-water conditions, but in its lower 
part we find, in certain beds which indicate a gradual transition 
between it and the estuarine series below, decided evidence of the 
prevalence of littoral conditions. These lower beds of the limestone, 
which 9*re usually more or less arenaceous and alternate with beds of 
sand, frequently, as about Cottingham, Morcott, and Wansford, con- 
tain large quantities of wood with the remains of ferns and other 
plants ; PolypodUes Lindleyu Gopp (Fecopterts polypodioidesy Undl. 
& Hutt), and other species, which are found also in the Lower 
Sandstone, Shale, and Coal of Yorkshire, characterise these beds. 
Sometimes the sands which alternate with the lower beds of sandy 
limestone are full of calcareous concretions, the associated limestones 
exhibiting broad mammillated surfaces which give rise to the masses 
known to (^[uarrymen as '^ potlids " ; occasionally, as at Dene, the 
sands pass into a very hard siliceous rock full of plant-remains. 

The lowest of these beds of sandy limestone frequently becomes 
so fissile, when exposed to the action of frost, as to split under the 
hammer into thin flags fit for roofing purposes. These constitute 
the well-known Collyweston Slate. The surfaces of the CoUy- 
weston Slates exhibit ripple-markings, worm-tracks, and burrows, 
and numerous plant-remains, all indicating the close proximity of 
the shore ; they yield numerous shells, among which may be 
specially mentioned GertiUia acutdy Sow., Pinna cuneata, PhiL, 7W- 

fonia compta, Lye, Luciiia Wri^ktii, Opp., MyacUes Scarburgensis^ 
^hil., sp., and Pterocera Bentleyi, Mor. and Lye. ; these beds, how- 
ever, do not aflbrd that abundance of interesting remains of insects, 
crustaceans, fish, reptiles, and mammals which have made the 
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Stonesfield Slate so £Etmoi2s. The remarkably local character of 
such slate beds in the Jurassic series has been already pointed out 
in the Ifatroductory Essay prefixed to this Memoir (see pp. 5, 6). 

At Stamford the Lincolnshire Oolite is about 80 feet thick^ and 
northwards it increases and acquires proportions probably exceed- 
ing those of the Inferior Oolite of the Uotteswold Hills. In the 
southern part of this sheets at Geddinffton, it is only 12^ feet thick, 
and it thins out entirely a few miles nirther south near Harrington 
and Maidwell. As we go eastward we also find it rapidly thinning 
out, and at Water Newton Brickyard, Wansford Tunnel, Wood 
Newton, and near Cross Way Hands Lod^e, and Stone-pit Field 
Lodg^ it is seen as a bed only a few feet in thickness separating 
the Upper and Lower Estuarine Series; these aiittle further to the 
east bemg found in actual contact. 

The Lincolnshire Oolite of the district described in this Memoir 
affords valuable building materials, both ragstones and freestones, 
which are extensireiy dug at many places, as Ketton, Clipsham, 
Casterton, Stamford, Weldon, Wansford, &c. The freestones are 
of greatest value when they are ouarried under the clays of the 
Upper Estuarine Series ; that of Ketton which, however, is only 
three feet thick, is especially famous for its strength and dura- 
bility. 

In medisBval times the well-known " Bamack-rag " was very 
extensively worked and was carried by water to all parts of Lin- 
colnshire and the fen country for the erection of many noble Gothic 
structures.* The limestones of the Lincolnshire Oolite are exten- 
sively used for the manufacture of lime both for agricultural and 
building purposes. 

The CoUyweston Slates were formerly dug at many places 
within this sheet for roofing purposes, as at^ Kirby, Duddington, 
Medbourn, &c. The demand for such materials has of late years, 
however, greatly declined, owin^ to the competition of the Welsh 
slate, and they are now only raised at CoUyweston, and to a very 
small Extent near Dene. 

The Lincolnshire Oolite forms a light and not very productive 
soil, which is ajpt to be very treacherous in dry seasons ; it is 
usually of a red colour, owing to the comparative indestructibility 
of the thin band of ironstone which lies upon it, and which we 
shall presently describe^ 

In consulting the map described in this Memoir it must be con- 
stantly remembered that the rocks indicated upon it are not in all 
cases exposed at the surface. This is especially the case with the 
Lincolnshire Oolite Limestone. The deposits of boulder clay, 
sometimes attaining a thickness of over 200 feet, over large areas 
wholly conceal the subjacent rocks. In these cases, in order to 
preserve uniformity with the other portions of the Geological 



* The working of this stone appears to have been almost entirely abandoned 
befiire the banning of the fifteenth century. At the village of Bamack a statue of 
evident Boman workmanship has been found carved out of the easily recognised 
*' rag ** ; in the beautiful parish-church the Saxon, Norman, Early English, and 
Decorated portions are built of the same material, but in the fine mortuary chapel, 
wbich is of Perpendicular age, stone firom another locality has been employed. 

82108. XT 
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Survey Map of England, the probable outcrops of the strata ha?e 
been indicated by means of dotted lines. It can scarcely be doubted, 
however, that, as in the portions of the area where the Jurassic 
beds are fully exposed tnrough the removal of the overlying 
boulder clay by denudation, the surface of the Lincolnshire Oolite 
strata is diversified by outliers of the Great and Middle Oolite 
beds, and by inliers of the several members of the Lias ; while 
curvatures and faultings of the strata have doubtless introduced 
complications among them, the details of whi(;h we are totally 
destitute of the means of ascertaining. Hence, in those portions 
of the map where the lines are dotted, it must be remembered that 
it has been impossible to do more than to strike a balance of 
probabilities as to the nature of the rocks underlying the superficial 
deposits, after a careful examination of all the evidence which 
could be procured. 

The main line of outcrop of the strata of the Lincolnshire 
Oolite Limestone constitutes a band, with a varying breadth of 
between three and four miles, crossing the area included within 
Sheet 64 from north to south. In its southern half, or between the 
valley of the Barford Brook and that of the Welland, the strike of 
this great band of calcareous strata is almost exactly S.W. and 
N.E.; but to the northwards of the last-mentioned valley the 
strata are affected by a series of powerful disturbances, to be more 
fully described hereafter, and their strike becomes nearly due N. 
and S. In its southern part this band of Inferior Oolite Lime- 
stones is almost entirely concealed by the thick masses of boulder- 
clay, which are only cut through in some of the deeper valleys 
intersecting the district; in its northern portion, however, the 
outcrop of the Lincolnshire Oolite Limestone within Sheet 64 is 
much more fully exposed, the boulder clay constituting only a num- 
ber of outlying patches. The difierence in the appearance of the 
tracts to the north and south of the Welland respectively, in the 
former of which the Lincolnshire Oolite Limestone immediately 
underlies the surface soil, while in the latter it is thickly covered by 
boulder clay, is very striking. In the first case we have very light 
soils of a bright red colour (due to the remarkable persistence of 
the ferruginous masses of the " Ironstone junction band " which 
everywhere lies on the top of the Lincolnshire Limestone), while 
in the second we find cold stiff clay lands, which until very recently 
were almost everywhere covered by thick forests. The Ordnance 
Map of this district is unfortunately very old, and the country 
south of the Welland is represented as it was before the extensive 
clearances of the forest land of recent years had taken place. 
This has often'rendered the tracing of the outcrops of the various 
beds a very difficult task. 

Besides the exposures along the main line of outcrop stretching 
from south to north in Sheet 64, the beds of the Lincolnshire 
Limestone are displayed at many points to the eastward and the 
westward of that band. In the lormer case their appearance at 
the surface is due to the removal by denudation of the overlying 
rocks along the lines of river valleys, those of the None, Gwash 
and Glen, and their various tributaries. In the latter case, patches 
of the Inferior Oolite Limestone survive as outliers of various 
dimensions capping some of the higher hills of -the district, their 
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presenration in these cases having been in many cases aided through 
the strata being let down by faults, as an inspection of the map 
will show. 

Id the south-eastern part of the area, namely in the valley of 
the Nene about Oundle, the Lincolnshire Oolite Limestone is 
found to have thinned out and wholly disappeared. Thus the 
Upper Estiiarine Series of the Great Oolite, in tnat neighbourhood, 
comes to rest directly upon the Lower Estuarine series and the 
ferruginous beds (Northampton Sand) of the Inferior Oolite without 
the intervention of the calcareous rocks of the latter formation. 
Northward, in the valley of the Nene about Stibbington, Castor, 
and Water Newton, this easterly attenuation and disappearance of 
the Lincolnshire Oolite can be well studied. Southwards, beyond 
the limits of Sheet 64 (in 52 N.W.), the same great calcareous 
formation is again seen thinning out and*disappearing. 

The details which we have already ^iven in the Introductory 
Essay of this Memoir concerning the Lmcolnshire Oolite Lime- 
stone, in its range from North Northamptonshire to South York- 
shire, enable us to conceive of this interesting formation as origi- 
nally a great lenticular mass of calcareous rocks, the western half 
of which has been wholly removed by denudation. Of the remain- ^ 
ing half of the great irregular " lens " the thickest portion can be 
traced in Mid- and South- Lincolnshire ; and as we pass northwards, 
southwards, and eastwards from this district, the strata are found 
continually diminishitig in thickness, and finally disappearing 
altogether. 

The palaBontological evidence in favour of regarding the Lincoln- 
shire Oolite as a, locally, very finely developed representative of the 
Zone of Ammonites Sowerbyi, which in other parts of England is 
only present in a rudimentary condition, has also been discussed in 
the introductory portion of this Memoir. 

The conclusion, therefore, to which we are led by the study of 
the Lincolnshire Limestone is as follows: — During a portion of the 
Jurassic period, well marked within the ancient life-province now 
constitutmg Britain, Northern France, and Western Germany, by 
the abundance of certain characteristic species (those of the Zone 
of Ammonites Sowerbyi), local depression took place within an 
area having a diameter of something like 90 miles, the amount of 
depression being greatest within its centre. As a consequence of 
this local depression there was slowly accumulated, by the growth 
of coral reofs, and the action of marine currents sweeping small 
shells and their fragments along the sea-bottom, a mass of cal- 
careous strata, presenting many variations in its local characters, 
and constituting the formation to which we have applied the name 
of the " Lincolnshire Oolite Limestone." 

There is evidence that the accumulation of this mass of cal- 
careous strata was followed by upheaval, accompanied by some 
local disturbances and even faulting of the rocks (see Introductory 
Essay, pp. 3S-38). It is also clear that, both previous to the for- 
mation of this series of calcareous strata and subsequently to its 
upheaval and partial denudation, estuarine characters prevailed 
within the area of its deposition, and also far beyond those 
limits. 

K 2 
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In order to make more clear the fact of the thuming out of ibe 
limestone strata of the Lincolnshire Oolite and the peculiar re- 
lations of the Great Oolite Series and the Northampton Sands 
which result from it, we have given in Plate IL two sections in 
which the phenomena alluded to are illustrated. A clear per- 
ception of the relations of the Lincolnshire Oolite to the other 
strata of the district is absolutely necessary to anyone who 
would understand the physical structure of the district included 
within Sheet 64 of the ueological Survey* As supplying addi- 
tional illustrations of the same subject I may direct attention 
to Mr. Sharp's admirable paper on the Lincolnshire Oolite Lime- 
stone, forming the second part of his Memoir on ^^ The Oolites 
of Northamptonshire^" (see Quarterly Journal of the Geologicd 
Society, vol. xxix. p. 225). The line of section between Rocking- 
ham and Oundle given on Plate X. accompanying that Memoir, 
together with the numerous details concerning many very in- 
teresting sections, cannot fail in their object of placing the true 
relation of Lincolnshire Oolite to the beds, respectively below and 
above it, altogether beyond controversy. 

In describing the rocks of the Lincolnshire Oolite series, as 
developed within Sheet 64, it will be most convenient to deal, in 
the first place, with the sections of its strata which are displayed 
along that band forming its main line of outcrop, which we have 
alres^y noticed as stretching throughout the district from Gredding- 
ton and Rushton on the south to Thistleton and South Witham on 
the north. We shall then proceed to notice the more or less isolated 
exposures of the same rocks revealed to us by the denudation of 
the overlying strata, to the eastward of the main line of outcron ; 
and, finally, we shall describe the several outlying patches, usually 
occurring at high levels to the west of the same line. 

Main line of Outcrop of the Lincainshire Oolite. — ^As already 
noticed the Lincolnshire Oolite Limestone constitutes a band, having 
a breadth of from three to four miles, which between Rushton and 
Duddington has a general strike from S.W. to N.E., but from 
Duddington northward strikes nearly from S. to N. This sudden 
and marked change in the direction of the line of outcrop of the 
strata is due, as we have seen, to the influence of great disturbances 
and faulting of the strata along the line now occupied by the 
valleys of the Welland, Chater, Gwash, and Nene. In the 
southern part of this great band of calcareous rocks the boundaries 
of the several meml^rs of the Jurassic series is unfortunately 
rendered very obscure, by the prevalence and great thickness of the 
overlying drift deposits. 

The description of the extreme southern limits of the Lincoln- 
shire Oolite, as seen in the more or less isolated patches of Old 
(or Wold), Maidwell and Harrington, and atGlendon and Weekley 
(see quarter*sheet 52, N.E.) does not come within the province of 
the present Memoir. Some details on the subject will, however, 
be found in the Introductory Essay prefixed to this Memoir 
(pp. 36-38), and in Mr. Sharp's paper referred to above (pp. 229-£34). 

The Strata of this horizon are first encountered, in entering the 
area of sheet 64 from the south, in the vicinity of the villages of 
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Geddington^ Newton, and Rushton. The principal seetions in this 
neighbourhood are as follows : — 

Limekiln at north-west angle of Weekley Mall Wood, 
At this place there are very extennve stone-quames. 

(1.) SoU 9 inches. 

(2.) Rubble Oolite 2 ft. 

(Inferior Oolite.) 
(3.) Hard, compact and sub-crystalline limestone^ in places con- 
taining scattered oolitic grains, with strong joints but 
wiUiout day partings, containing many specimens of 
Nerinsea, but comjMtratively few other fossils; among 
. the latter are, Natica Leokhamptopensis, Lye, Lucina 
Bellona, (I'Qrd., and Corals. This stone is underlain by^ 
(4.) Well-stratified, calcareous sands of yellowish, brownish, 
and greenish tints, containing small lenticular masses of 
very sandy day - - - - - - 4 ft. 

These are probably the uppermost beds of the Lower Estuarine Series. 
This bed is underlain, at the bottom of the pit, by darker brown ferru- 
ginous sands. 
The sands at this place are dug for building purposes. 

Large pit immediately eouth of the former, the stone dug for road-metal. 
(1.) SoU. 

(2.) Boulder Cla^r of the usual character, consisting of light-blue 
day, containing man)r boulders, prindpally of chalk and 
flint, grooved and striated - - - -Oto6ft. 

(3.) Inferior Oolite, as in the last pit, but verv hard and blue- 
hearted (from being dug under the Boulder Clay) ; the bed 
is divided into very liuge blocks by joint-planes, which 
are often very much open and filled witii Boulder Clay. 
This rock consists of three courses, not separated by clayey partings : — 

ft. in. 
The 1st course - * - 2 01 

„ 2nd „ - - - 1 6l7ft. 

„ 3rd „ - - - 3 6j 

Underneath the beds of stone is a hard, sandy layer 3 inches thick, beneath 
which is seen yellow saiid, as in the last pit. 

In the limestone in this pit the following fossils occur :^ 
Bdemnites, sp. ? 
Natica Leckhamptonensis, Lye. (very abimdant and sometimes very 

large). 
Nerinsea cingenda, Bronn, and other spedcs. 
Ostrea flabeUoides, Lam. (0. Marshii, Sow.) var. (rare). 
Modiola, sp. ? 

Mytilus Sowerbianus, d^Orh. 
Pinna cuneata. Bean, (not rare). 
Lima cardiiformis. Lye. and Mor. 
„ bellula, Lvc. and Mor, 
„ sp. ? (Rodborough Hill Species). 
„ sp. ? (the very large form). 
Ceromya Bajodana, d'Orb. 
Tancredia, sp. ? 
Pygaster semisulcatus, Phil. 

At the limekDn opposite Geddington Grange we find Lincolnshire Oolite, 
similar to that at Glendon, of which the bottom is not seen. 

South-west of Newton and on the opposite side of the valley are found 
traces of old iron workings, with abundance of black slag of the usual character. 
In a stone-pit on the road from Geddington to Grafton-under-Wood, imme- 
diately above Geddington, there occurs an exposure of the Lincolnshire Oolite, 
§ resenting its condline fades predsdv similar to that seen at Glendon, and 
isplayed in a face about 6 feet in height. 



(4.) 
(6.) 



>.12 ft. 6 in. 



146 GEOLOGY OF RUTLAND, &C. 

In the irregular surfiftce of the rubble which covers this rock, traces of the 
" ferruginous junction-band " and the " carbonaceous days and sands of the 
" Upper Estuarine series " are seen. 
Pholadomya fidicula. Sow,, occurs in the limestone here. 
At the limekiln inmiediately south-east of the last (Mr. Bell's pit), the 
following section occurs : — 

(1.) Soil 1ft. 

(2.) Pale bluish-white dav, with carbonaceous markings - 2 to 3 feet. 

(3.) Indurated, variegatea, sandy clay (bright yellow, pale blue, 
ash-coloured, pink, crimson, and greenbh), occasionally 
traversed by ironstone laminfe - - - - 1 ft. 

Irregular ferruginous band - - - - 2 in. 

Ash-ooloured sands with irregular clay seams - - 5 in. 

(6.) Fine white clay with carbonaceous markings - - 3 to 6 in. 

(7.) Band of ironstone nodules (ferruginous jundion-band) - 6 in. 
(The foregoing beds belong to the Upper Estuarine Series of the Great 
Oolite). 
(8.) Inferior (Lincolnshire) Oolite, consisting of — 

a. Rubbly limestone - - - 3 ft. 

b. *Course of hard, somewhat oolitic, lime- 

stone - - - - - 1 ft. 

c. Course of compact limestone - - 2 ft. 

d. „ „ „ - - 2ft. 6in. 

e. Three coursesf of hard limestone, blue- 

hearted, 1 ft. each - - 3 ft. 

/. Course of very sandy limestone, mica* 
ceous, hardens with dr3ring, finely 
laminated, and containing many car- 
bonaceous markings (equivalent of the 
Collyweston Slate) - - - 1 ft. 

(9.) Yellow sand, top of the " Lower Estuarine Series." 

N.B. — In a well at a cottage near, the " red-rock " (Northamptonshire Iron- 
Ore) was reached. 

Above and behind the church at Geddington there is an old pit opened in 
the Lincolnshire Oolite Limestone. Another old stone-pit occurs at the angle 
of Newton Lane and the Aveiiue ; and here we find a compact, marly limestone 
crowded with specimens of Nerinaa (the Coralline facies of the Lincolnshire 
Oolite). Near Geddington Grange there are two large stone-pits in the same 
marly limestone rock containing an abundance of NeriwBos, and along the 
sides of Newton Lane, and on the road leading from Geddington to Roshton 
there are several large pits in the same beds. 

Near Rushton there occur the following sections : — 

In a pit at the north-east corner of Rushton Park, is seen a rock 9 to 10 feet 
thick (coralline facies) with the usual characters, the lower courses becoming more 
and more sandy in character ; the lowest bed but one contains plant rexnains, 
and the lowest bed of all consists of hard slabs of sandy limestone, having a 
tendency to split into slates (equivalent of Collyweston Slates). This bed 
rests on sands and clays of the " Lower Estuarine Series " (Northampton Sand). 

In the valley crossing the road, one mile north of Rushton Hall the stream has 
cut through the Boulder Clay and exposes the Inferior Oolite Limestone, 
which here presents, for the first time in going northwards, the ** shelly facies" 
of the Lincolnshire Oolite. 

Passing northwards from Rushton we again find, at the limekiln half a 
mile north-east of the village, the beds of the Lincolnshire Oohte Limestone 
consisting of about 12 feet of rock lying in regular coiu'ses ; the stone here 
is somewhat intermediate in character between that at Glendon {" coralline 
facies ") and that at Pipwell (" sheUy facies '*). 

* In this bed occur numerous sjpecimens of Pholadomya Heraultii, Ag., and Pinna 
cuneatOf Bean, in their natural positions. The courses of stone are separated hy some- 
what sandy partings. 

t The uppermost of these three courses is almost entirely made up of Nerin^i 
they become sandier as we pass downwards. 
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The following fossils were seen here : — 

Pholadomja fidicula. Sow, 
Natica Leckhaxnptonensis, Lye, 
Pinna cuneata, ^ean. 
Ceromja Bajociana, d*Orb, 
Northwards from Geddington we find a large stone-pit with a lime-kiln 
beside the road leading to Little Oakley. The following is the section presented 
in this pit : — 
(1.) Beds of white, compact, slightly oolitic stone • - 6 to 8 ft. 

(2.) Beds of hard, white, sub-(^stalline limestone crowded 
with NerituBos, and containing creat masses of coral 
converted into finely crystallized Calcspar (Nail-head 
and Dog's tooth spar) - - - - 1 ft. 9 in. 

(3.) Beds of coaxae sandy limestone - - • • 2 ft. 

Coarse, sandy, flaggy bed, covered with vermicular and 
other markings, very inconstant (equivalent of CoUy- 
weston Slate) - • - • - -OtoSin. 

Brown Sand. 
The fossils obtained in this pit were as follows : — 

Natica Leckhamptonensis, Lye, large and abundant. 
Alaria Phillipsii, d'Orb. 
Actseonina glabra, PIUl. 
Nerinse^ sp. ? very abundant. 
Chemnitzia Scarburgensis^ Lye, and Mor, 
Pinna cuneata. Bean, 
Gervillia acuta. Sow. 
Pecten paradoxus, Munst. 
Hinnites abjectus, PhiL 
Modiola Sowerbyana, d'Orb, 
Cardium cognatum, PhiL 
Large masses of Isastraa and, other corals, sometimes perforated by Litho- 
domi, also occur in this pit. » 

Crossing the high ground between the Barford Brook and Harper's Brook, 
where the Jurassic strata are entirely concealed by the overlying Boulder Clay, 
which here attains a thickness of probably not less than 200 feet, we reach a 
series of ft«sh exposures of the beds of the Lincolnshire Oolite Limestone, in 
the vicinity of the villages of Pipwell and Little Oakley. 

At Pipwell Upper Lodge, and on the opposite side of the road to the farm- 
buildings, traces of the outcrop of the Lincolnshire Oolite above the North- 
ampton Sand, there exposed, were detected. 

Near Pipwell Abbey there are several large grass-grown quarries which 
were evidently opened in the beds of the Lincolnshire Limestone. One of 
these quarries had been used recently, and under the beds of the Upper Estua- 
rine Series, capped by Boulder Clay, I found the shelly freestone presenting its 
usual characters. The same stone is seen near the mansion of Pipwell Abbey 
and in the bed of the stream which flows near it ; the rock here yields the 
usual fossils. 

The following is the detailed section of the beds seen in the pit referred 
to in the foregoing paragraph. 

Old pit at Pipwell Abbey. 
(1.) Boulder Clay ..... perhaps 15 or 16 ft 

Upper Estuarine Series, the upper part not seen. 
(2.) Band of ash- coloured and drab clays - - 2 in. 

(3.) Coarse, brown sand becoming more ferruginous at 

its base - - • • - - 1 ft. 8 in. 

(4.) StifP, bluish-white clay with carbonaceous markings 10 in. 
(5.) Brown sand - - • - - 10 in. 

(6.) Variegated clay,— blue, yellow, brown, drab, and 

greenish - - • - - -2ft. 

(7.) Irregular baud of Ironstone (ferruginous junction- 
band) - • - • • •2in 
Lincolnshire Oolite Limestone. 
(8.) Decomposed oolitic rock - ,- - • 1 ft. 6 in. 
(9.) Five courses of oolitic limestone seen - together 8 ft. 
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The woodcut (Fig. 12) representa the face of rock exhibited in a larg 
stone-pit still open in the valley, one-third of a mile east of Pipwell Abbey- 
This section is exposed on the south side of the quarry, the direction of its 
face being nearly due east and west, its length 30 feet and its h^ht 21 feet. 
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The beds of the Lmoolnshire Oolite in this locality present, as is shown in 
the diawing, the usual Mse-bedding so cbMacteiistic of the shelly fades of the 
formatum. 

On the opposite side of the pit to that of which the sketch is taken, in holes 
and poekets of the rubbly oobte, are seen the light-blue and variegated clays 
of the Upper Estuarine (Series ; and similar indications of the feiruginous 
'* jmiction-band " exist, the whole being covered with rubble and soil. 

The section seen here is as follows : — 

(1.) Thin, rubbly, evenly-bedded, shelly oolitic limestone - 1 ft. 
(2.) Harder fidse-bedded limestone of the same kind - 2 ft. 
(d.) Course of do.^ evenly bedded oolitic limestone - - 1 ft. 
(4.) ,, ,, false bedded „ - -2 ft. 
(5.) Three irregular courses of „ - - 2 ft. 6 in. 
(6.) Very coarse false-bedded irregular course - - 1 ft. 
(7.) „ „ ., - - -1ft. 
(8.) Bed of hard shelly ragstone - - - - 1 ft. 6 in. 
(9.) Softer ooUtic bed I ft. 

(10.) „ „ 1ft. 

(11.) ., ,, 1ft. 6 in. 

(12.) Hard ragstone bed - - - - - 8 in. 

(13.) Two soft ireestone beds, each 1 ft. 3 ins. - - - 2 ft. 6 in. 

(14.) Two hard „ „ „ - - -2 ft. 6 in. 

(15.) White Clay (top of the Lower Estuarine Series). 
N.B.— Possibly sandy beds occur at the base of the series. 

The beds in the neighbourhood of PipweU and Oakley exhibit signs of con- 
siderable disturbance, and besides beinff traversed by the faults shown upon 
the map, are evidentlv bent into long folds. 

Lower down the Harper's Brook the Lincolnshire Oolite Limestone is well 
exhibited a^n ; but the whole of the strata here are affected by a very com- 
plicated senes of foults, as will be seen by an inspection of the map. 

Venr extensive quarries, known as Lord Cardigan's pits, are seen in the east 
side of the village of Stanion. The rock here exposed is a hard, shelly oolite, 
and is found to rest, not on the usual white days, but on " kale" (ferruginous 
sandstone of the Northampton Sand). 

To tiie west of the same village another quarry, known as the "town pit," 
presents the following section : — 

(1.) Boulder Clav 3to4feet. 

(2.) Oolite rubble, much mingled with day and con- 
taining fine crystallizations of Calcspar • - 2 feet. 

(3.) Beds of hard, crystalline, marly oolite used for 

road-metal .... dug to the depth of 4 feet. 

Under the beds of stone about 3 feet of brown sand occurs, at the bottom 
of which springs arise, indicating probably the presence of the compact iron- 
stone rock of the Nc^hampton Sand. 

Between Stanion and Brigstock the Lincolnshire Oolite Limestone is ex- 
posed, and its relation to the beds above and below it are well illustrated in a 
section, which will be described in detaU in a later chapter. 

At Brigstock Mill there is a stone-pit in the same formation, here presented 
as a soft, shelly limestone with much false-bedding, many of its beds exhibiting 
a reddish colour. Fossils are tolerably abundant in this pit, and consist for the 
most part of small shells, both univalves and bivalves, usually more or less 
encrusted with a deposit of carbonate of lime. 

Between the Harpner and Willow brooks the Jurassic strata are again wholly 
concealed by the thick masses of Boulder Clay. On the outer escarpment, 
however, at Stoke Albany, Wilbarston, Cottingham, and Rockingham, the 
beds of the lincolnshire Oolite are exposed by denudation below the great 
superficial accumulations. They are also equally well seen along the sides of 
the valleys formed b^.the Willow Brook and its tributaries, as about Corby, 
Wddon, Dene, Bulwiek, Blatherwycke, &c. 

The beds of the Inferior Oolite Lunestone appear on the escarpment between 
Stoke-Albany and Wilbarston from beneath the mantle of Boulder Clay which 
overlaps the escarpment to the southwards. The strata here seem to be much 
disturbed and dip in various directions. The beds are seen similarly in the 
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two pits at the south end of the village of Wilbarston, in one place liaviog a 
dip of no less than 10°. In the stone pits on the north side of the village of 
"^^barston the limestone beds of the Inferior Oolite are again seen to be 
much disturbed ; in one of the pits they dip £. at an anf^le of 15^ and in 
another, the beds are in one place horizontal while at a short distance they 
are inclined to the S.E. at an angle of 20°. It is possible, however, thatthu 
appearance of local disturbance in the rocks is due to the fact of their exposure 
on a steep escarpment, above a great thickness of Upper Lias Clay, &c., and 
are to be referred to partial landslips rather than to siibterranean movements. 
On the left-hand side of the road leading from Cottingham to East Carlton, 
there is a large pit in the limestone of the Lincolnshire Oolite. Under 4 feet 
of rubble we find about 20 feel of compact and oolitic limestone, lying in 
distinct beds with clay partings. The upper beds are soft and white and 
highly oolitic ; the middle beds of the section harder, cream-coloured, and 
• slightly oolitic ; and the lower beds hard, crystalline, and blue-hearted. 
In a pit below the church at Cottingham the strata of the Northampton 
Sand and Lower Estuarine Series are seen lying below those of the Lincoln- 
shire Oolite. 

From the Lincolnshire Oolite limestone of this neighbourhood I obtained,— 
Polypodites lindleyi, Criipp, (Pecopteris polypodioides, LtW/. 4" 
Hutt.) (abundant in the lower beds, exhibiting the fructifica- 
tion). 
Ceromya Biqociana, d*Orb. 
Pecteu aratus, Waaffen. 
And other fossils. 
In Rockingham Park several stone pits have been opened in the Lincoln- 
shire Oolite. One of these exhibits aoout 5 feet of soft, somewhat fissile and 
very oolitic limestone with a faint pinkish tint. A larger stone-pit in the 
same park exhibits the following section : — 

(1.) Soil finches. 

(2. ) Oolite, similar to that of last pit - - - 5 feet. 

(3.) Softer, more marly, and compact oolite - - - 6 feet. 

(4.) Hard, compact, marly oolite with Nerineea, &c. to bottom 

of the pit - - - - - - 4 feet seen. 

In the extensive stone pits at Snatchill Lodge, between Great Oakley and 
Corby, we find the following sections at different points : — 
(1.) Boulder Clay, bluish, greenish, and brown. Mostly 
of mottled colours, with boulders of all dimen- 
sions, those of Oolitic and Cretaceous rocks pre- 
dominating - - - - -6 to 8 feet. 

(2.) Oolite rubble, often contorted - - - to 3 feet. 

(3.) Bed of hard, marly limestone of a drab colour (used 

for road-metal) - - - - - 1 foot. 

(4.) Whitish, calcareous sand - - - - 1 ft. 6 in. to 2 feet. 

(5.) Shelly limestone - - - - - 1 foot. 

(b*.) Soft, very oolitic, somewhat shelly limestone (used 

asbuilding stone) - - . . 6 feet 6 inches. 

(7.) Clay parting. 

(8.) Two courses of hard, blue-hearted, sub-crystalline 
limestone, used for road-metal, each course being 
about 1 foot thick - - - - 2 ft. 

(9.) Blue clay, dug in making a drain - - - 3 feet seen. 

A second section obtained in the pits opposite to Snatchill Lodge was as 
follows : — 

(1.) Boulder Clay, of the usual characters, in places - - 6 ft. thick. 

(2.) Bed of rubbly oolite - - - - - 2 ft. 

(3.) Hard, compact, sub-crystalline limestone with a few 

scattered oolitic grains, containing Nerinsea, &c. - 9 in. 

(4.) Softer, sandier limestone - - - - - 1 ft. 6 in. 

(5.) Hard and coarsely oolitic limestone - • - 6 ft. 

(6.) Softer, sandier limestone, with fewer oolitic grains - 2 ft. 

(7.) Coarse, sandy, flaggy limestone - - - - 9 in. 

(8.) Blue Clay. 
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It is evident that the beda exposed in these pits are those which con- 
stitute the base of the Lincolnshire Oolite Series. 

The beds of the Lincolnshire Oolite can be traced at several points in the 
neighbourhood of the village of Corby. At the " Mill-pit/' between Corby 
and Weldon^ we have the following section ; — 

(1.) Boulder Clay ^ 1 to 3 feet. 

(2.) Oolite rubble 2 to 3 feet. 

(3.) Marly Oolites, becoming slaty at the bottom * - 6 to 8 feet. 

(Dug for road metal.) 

In the great pits to the west of Great Weldon we find the section given 
below : — 

(1.) Boulder Clay, with boulders chiefly of Oolite, but with 

some of Chalk and Lias - - - - 8 feet. 

(2.) Soft, shelly, oolitic freestone ; this bed is but little used 

for builaing purposes - - - . - 4 ft. 6 in. 

(3.) Hard, shelly ragstone 2 to 3 feet. 

(This bed is known as the ** Weldon-rag.") 

(4.) Beds of shelly freestone, harder than the top bed. 
These form four courses, each from 2 to 3 -feet in 
thickness, the stone being known as the " Weldon 
Freestone" 10 feet. . 

At about 8 feet below the bottom of this pit another bed of hard " rag " 
occurs in the midst of the shelly freestones. 

Fine joints dividinj^ the stone into large blocks traverse the stone in this pit 
and render its quair^ng easv. 

The extensive " hills and noles^" by which name the abandoned and grass- 
grown quarries in this part of England are always known, testify to the 
enormous (quantities of Lincolnshire Limestone which in former times have 
been raised m the neighbourhood of Weldon for building purposes. 

At Great Weldon the shelly oolite of the Lincolnshire Oolite is seen in situ 
in the bed of the stream which flows through the village. A little to the east 
of the village a small road-side pit ofPers particularly favourable conditions 
for the collection of the small shells, corals, fragments of echinoderms, &c. of 
which the rock is almost wholly made up. These facilities are due to the soft, 
crumbling, and weathered state of the stone, which here (as in the analogous 
case at Wakerley to be referred to in the sequel) enables the small organisms 
to be removed with the point of a knife, or by simply crushing the stone. In 
this pit at Weldon, the following species rewarded the patient search of Mr. 
Richard Gibbs, the former fossil collector to the Survey. 

Fossils from the Shelly Oolite of Weldon. 

Actseonina glabra, Phil. 
Natica cincta, Phil, 
Nerinaea cinsenda, Bronn, 

Eudesii, Lye. and Mor. 

■ psendo-cylmdrica. Lye. 

— — ~ Stricklandi ? Lye. and Mor. 

Voltzii, DesUmg. 

>sp. 



Monodonta laevigata. Sow. 
Phasianella Pontonis, Lye. 
Myoconcha striatula. Sow. 

crassa. Sow. 

Mytilus lunularis. Lye. 

Cardiam, sp. 

Corbicella Bathonica, Lye. and Mor. 

Trigonia costata, var. puUus, Sow. 

Ostrea flabelloides. Lam. (O. Marshii, Sow.), var. 

^rsp. 

Terebratula submaxillata, Mor. 

RhynchoneUa spinosa. Sow., var, Crossi, Walker. - 

Pseudodiadema depressa, Ag. 

Thecosmilia gregaria, M'Coy, 
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At the angle of the road leading down from Great Weldon to little Wddon 
the junction of the shelly oolites with the %ht-blue clays^ with plant-xemains, 
belonging to the Lower Estoarine series, is exposed. 

It appears that at Weldon» as at Bamack, the base of Lincolnshire Oolite 
series is formed by the shelly, and not by the compact and marly varietj df 
the limestone. 

We have already seen that at several points the lowest beds of 
the Lincolnshire Oolite Limestone present fissile characters, and 
thus show a tendency to pass into those *' slate-beds" which to the 
northwards constitute, under the name of the CoUyweston Slate, so 
important a member of the formation. The most southerly points 
at which such slate beds have been worked for the purpose of 
obtaining roofing materials, are at Eirby, and near Dene LcMlge. 

The extensive slate-pits at Kirby are now almost wholly abandoned, and but 
few opportunities are afforded for studying the succession of beds here. 

On the right-hand side of the road leading from Rockingham there is a 
small pit in the mariy or compact limestone, the beds being separated by day 
partings. In the upper part of the pit the beds become softer and more 
oolitic. The total thickness of rock exposed here is from 12 to 14 feet. 

On the opposite side of the road are the " slate-pits," now no longer worked. 
In the upper part of these pits the same beds of marly oolite as were noticed 
in the pit last described are seen. These appear to have been underlaid by 
sand, at the bottom of which the slates occurred. Thus the relations of the 
slate beds at Kirby would appear to have been very similar to those of the 
equivalent strata in some of the pits at Easton and €k>llyweston. The slates 
appear to rest upon clay, and the pits are now fiill of water. 

The best section I could obtain nere was the following : 

(1.) Drift or Boulder Qay 

(2.) Rubble oolite - - - - 

(3.) Thin-bedded oolite (weathered) 

(4.) Harder, thick-bedded limestone 

(5.) Sands, cream-coloured, and somewhat compacted - 

In another part- of the pits the sands are seen to a depth of 5 feet, and are 
underlaid by 4 or 5 feet of hard limestone with day partings. Under the last 
seem to have come other beds of sand, then 2 or 3 feet of slate rock, and 
finally clay. 

The Kirby slate-pits, which belong to Lord Winchekea, are now abandoned, 
owing to jseveral causes. The principal of these are as follows : — ^firstly, the 
diminished demand for such materials as the '' slates " of the Oolite aeries, 
now that the increased means of communication afforded by railways offers 
such facilities for procuring the lighter and more convenient Welsh shktes ; 
secon(Uy, Uie exhaustion of the old pits ; and, thirdly, the expense of opening 
new ones to the required depth. 

Near Dene Lodge, upon the border of Long Mantle Wood, there is a small 
pit, at which, during the time when the survey of the district was made, small 
quantities of '' slate " were being raised and dressed in the same manner as is 
still practised at CoUyweston. 

On the main escarpment in the neighbourhood we are now describing, the 
outcrop of the Lincolnshire OoUte is concealed bv the overlap of the Boulder 
Clay between Rockingham and Gretton; but between the last-mentioned 
village and Harringworth the beds of this formation asain appear. In a pit 
on the right-hand side of the road from Gretton to Harringworth, we find 
2 feet of rubbly oolite resting on 6 feet of cream-coloured sand, fuJl of intensely 
hard siliceous concretionary masses with irregular rounded forms. The sands 
at the base show a tendency to become ferruginous. A pit on the opposite 
side of the road exhibits a somewhat similar section. 

The Lincolnshire Oolite is well exposed in a number of pits in the vicinity 
of Harringworth. Above the cross-roads towards Dene there are several large 
quarries by the road-side, in which we find hard, somewhat shelly Oolite, 
covered by much hmestone rubble. The rock has here a pinkish tint. 

At the brickyard and several other points near Dene, the lowest bed of the 
Lincolnshire Oolite (representative of the CoUyweston Slate) is an intensely 



- 3 feet. 


. 4 feet. 


- 4 feet. 


- 5 feet. 


- 4 feet to bottom. 
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hard and very highly silioeous material, presenting mammillated surfaces, and 
containing plant remains. It is so hard and compact as almost to resemble a 
quartzite. 

A lar|^ stone-pit at the angle of tlie road leading from Hairingworth to 
Dene yields the loUowing section : — 

(1.) Son 1 ft. 

(2.) Rubble ooUte 2 ft. 

(3.) WMte, calcareous sand - - - - - 1 ft. 9 in. 

(4.) Thin-bedded, soft, very oolitic limestone • - - 2 ft. 

(5.) Brown, calcareous sand in places indurated into stone - 2 ft. 

(6.) Bed of hard, compact rock, used for road-metal - - 1 ft. 6 in. 

(7.) Several courses of hard, pinkish, shelly oolite, used for 

building purposes - • - - - 5 ft. 

Sunilar beds are exposed at Hollow Bottom and at several other points 
betweoi Harring^orth and Dene. 

The interesting section shoi^ng the relations of the Lincolnshire Oolite 
to the beds below have already been noticed (see p. 101). 

The beds of tlie Lincolnshire Oolite Limestone can be traced under the 
strata of the Great Oolite series at Bulwick and Blatherwycke. At Laxton 
there are quarries in the same rock; and at this place aJso a well was 
sunk to the depth of 40 feet in the Oolitic Limestone, water being obtained 
in the sands and clays below. 

Over all the area alreadv described the Lincolnshire Oolite is much obscured 
by Boulder Clay ; but we have now to notice the fine series of sections exposed 
along the sides of the Welland and Chater, which, in the central part of the 
area under description, cut completely across the line of outcrop of the 
formation. 

In the neighbourhood of Wakerley there are numerous quarries in the 
Lincolnshire Oolite Limestone, from some of which stone is still procured, 
while others are abandoned. Several such pits are seen between the ** Great 
Wood " and the " Spinney." At the northern comer of the former plantation 
there is a large and deep quarry, exhibiting an admirable example of the 
"shelly fades", of the lincolnslure Oolite. Many of the beds are entirely 
made up of drifted shells, usually of small size, the valves of the Brachiopods 
and Conchifera almost always having their valves disunited, and the Gastero- 
pods exhibiting equal signs of drifting in their broken spires and other marks 
of attrition. Many of the shells are coated with a deposit of carbonate of 
lime and the beds exhibit much false-bedding. Owing to the softness of the 
rock here, as in the analogous cases of Great Weldon .(already referred to) and 
of Ponton, where Professor Morris procured so interesting a series of fossils 
from the shelly beds of the Lincolnshire OoHte, this pit at Wakerley o£Pers 
peculiar facilities to the collector of fossils. The following species were 
obtained here by the officers of the Geological Survey. 

Fossihfrom Stone-pit near Wakerley, 

Nerinsea cingenda, Bronn. 
— ^— Ck>tteswoldi8e, Lye, 

Voltzi, Deslong. 

Vermicularia nodus, Phil, 

^.sp. 

Trigonia tenuicosta, Jiyc. 
- denticulata. Lye, 
■ hssmisphaerica. Lye, 

costata. Sow,, var. pullus, Sow, 

Opis gibbosus. Lye, 

MaCTodon Hirsonensis, iPAreh, 

Ca^um Buckmani, Lye, and Mor, 

Cucullsea cucullata, Goldf, 

Astarte, sp. 

Area rugosa, Lye, and Mor. 

— Prattii, Lye, and Mor, 

— asmula, PhU. 
cancellata, Sow. 



\ 
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Ostrea, sp. 

Pecten paradoxus, Munst, 

lens, Sow. 

Pteropema plana, Mar, and Lye. 
Lima cardiiformis. Sow, 

• ffibboea. Sow, 

duplicata, Sow, 

ovalis. Sow, 

— — pectiniformis, Sehloth, 

rontonis. Lye, 

. punctata. Sow, 

rudis. Sow, 

Gervillia acuta. 
' Hinnites abjectus, Phil, 

, velatus, Phil, 

Terebratula submaxillata, Mor. 
Crioopora Spiropora (straminea), Phil. 
Cidaris Bouchardii, fy'riyht. 
•Pseudodiadema depressa, Ay., sp. 

, sp. 

Pygaster semisulcatus, Phil. 
Microsolena excelsa, Edw. and Haime. 
lliamnastrspa Defranciana, Edw. and Haime. 
Thecosmilia gregaria, M'Coy. 

In the neighbourhood of Wakerlej the relations of the Lincolnshire Oolite 
both to the beds above and below it can be studied. The white clays at the 
base of the Upper Estuarine series, which repose directly upon the Great Lime- 
stone series, are here du£^ for commercial purposes ; ana in a pit above the 
great escarpment the sands are seen at the base of the limestones. At this 
latter point we find very hard mammillated beds which certainly represent the 
Collyweston Slate, and contain — 

Maerodon Hirsonensis, d*Arch, 

'Frigonia (casts). 

Calcium (casts), &c. 

Much wood and other plant remains. 

Between Barrowden and Tixover the beds of the Lincolnshire Oolite appetr 
to come down to the level of the river Welland, which, in this part or its 
course, crosses the outcrop of these strata. The lowest beds of the limestone 
series here appear to be hard and cream-coloured ; they are of a somewhat 
sandv nature and alternate with beds of sand. These undoubtedly represent 
the Collvweston Slate, which is so well developed a little farther to the east. 

Near Morcott there are a number of quarries in the Lincolnshire Oolite, 
one of which shows the following succession of beds :— 

(1 .) White, oolitic limestone with some shells and echinoderms, and a few 
plant remains. 

(2.) Calcareous sands. 

(3.) Hard, blue, siliceous limestone, with few shells but many plant remains, 
the latter sometimes well preserved (ferns, &c.) 

(4.) Fine, white sands. 

The rock of bed (1) is used for lime-burning ; of (»3) for road-metal; and of 
(4) for mortar. 

In the large pit near Morcott Mill beds of calcareous sand alternate with 
courses of compact, marly limestone. At the base are hard beds of a blue 
colour exhibiting a tendency to fissile characters. The strata about Morcott 
exhibit signs of considerable disturbance. 

Between Tixover and Ketton the beds' of the Lincolnshire Oolite can be 
traced at many points, but no good sections of them are afforded. 

At Duddington there are a number of old pits near the river which still bear 
the name of " the Slate-pits ; " according to tradition slates similar to those of 
Collyweston were once dug here, and their abandonment was due to their 
being drowned by the waters of the Welland. 

At Ketton the very extensive ouarries offer to the geologists many oeautiful 
illustrations of the upper beds of tne Inferior Oolite Limestone of the aistrictand 
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of the Buperpoaed Upper Estuarine Series. The compact and durable character 
of the oolitic limestone of Ketton, as in the similar cases of the Casterton, 
Clipsham» and Ancaster quarries, is doubtless due in great part, as was pointed 
oat by Professor Morris, to the fact of the rock being ouarried under a con- 
siderable thickness of clays which form the base of the Great Oolite series in 
this district. 
The following is the section exhibited b^ the quarries at Ketton : — 
(1.) Upper Estuarine Clays (Great Oolite). In their lighter co- 
loured bands these clays are crowded with Cyrena and 
other shells ; and in the dark coloured beds they contain 
laj^e fragments of wood and much carbonaceous matter - 
(2.) ''Junction-bed" full of ironstone nodules, lliis is of a 
snufip-brown colour and earthy texture, and is full of white 
decomposed fragments of a fibrous structure, apparently 
the remains of shells and bones ? ... 

(3.) "The Crash bed" 3 feet. 

(4.) " Grite " or " top-rag " harder than the " bottom-rag " - 3 feet. 

(5.) "Bottom-rag'' 3 feet. 

(6-.) "Freestone" • 3 feet. 

The " Crash-bed " (3) is a coarse oolite full of fragments of shells, which lie 
on its planes of bedding. When first dug this rock is very soft, but by expo- 
sure it acquires extreme hardness. It is of a purplish red colour, but varies 
greatly in the depth of the tints which it exhibits. It is only used locally for 
rough purposes, such as field walls, &c. A very interesting circumstance in 
connexion with the " Crash-bed " is that its upper surface often exhibits the 
vertical burrows of Lithodomi, indicating the long pause which ensued between 
the deposition, and probably partial denudation of the Lincolnshire Oolite, and 
the formation of tne Estuanne strata which lie immediately above it. This 
break in the succession of the Jurassic strata in the Midland district is at other 
points even more strongly marked by actual unconformity between the Inferior 
and Great Oolite Series (see Introductory Essay, pp. 33-38). 

The " grits " and " rag-beds " (4) and (6) are hard limestones of oolitic struc- 
ture, but not entirely made up of oolite grains. The stone fractures along 
incipient crystalline or cleavage planes, often exhibiting surfaces with brilliant 
lustre. As the rock is too hard to be easily dressed it is only used for local 
purposes. 
The following species of fossils were collected at the Ketton quarries : — 
Pileopsis, sp. 

Nerinaea pseudo-cylindrica. Lye. 
Chemnitzia, sp. 
Cyprina nuciformis. Lye. 
Trigonia costata. Sow, Var pullas, Sow, 
Lucina Wrightii, Oppel, 

,si). 

Unicardium, sp. 
Pholadomya fidicula, Sow. 
Perna quadrata. Sow. var. 
Terebratula submaxillata, Mor, 
Isastrsea Richardsoni, Edw. and Haime, 
The celebrated Ketton ft«estone is a beautiful, oolitic limestone of good 
colour, combining great freedom of working with remarkable powers of 
resisting crushing force and wonderful durability. It is almost wholly made 
up of venr uniform oolitic grains, exhibits scarcely any trace of bedding planes, 
and can be placed indifferently in any position in buildings without exhibiting 
any tendency to weathering. 

The Ketton freestone is highly valued by architects, and its eraplovment is 
frequently specified by them in cases where great strength is required in any 
particular construction. The slight thickness of the bed, however, (only 3 feet) 
and the large quantities of " bearing " which require to be removed in order to 
obtain it, renders it expensive and preventa its more general use. Hence for 
general purposes the oolite of Ketton cannot compete with the cheaper 
materials of Bath, Portland, and Ancaster. The number of men employed in 
the Ketton quarries is about one hundred. 
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In the cutting of the Syttonand Peteriknou^ Raihnf neat Ketton (Oeerton) 
a good section was ezoosed, which was exanuned when first opened and thus 
describol by Captain Ibbetson and Professor Monis : — 

" Geeston (Railway Cutting).* 

ft. 

Rubbly oolite in shivers - • . • - - 3 

Compact marly limestone, Nerinaa and Ferns - . - 2i 
Marly rock, very fossilifbrous, Nerifusa, Modiola pUcata, 

Ferns, and Isocardia concentrica, Pitma, Area - - 2 

Sandy rock, with Lima, &c. - - - - - 2 

Crystalline ragstone, with Nerinaa and patches of plants - 3 

Compact, crystalline, oolitic ragstone - - - 8 

Concretionary bed - - - - - - 24 

Slate beds - 3 

Greenish clay - - - - - - 2 

Ferruginous sand of inferior oolite at bottom." 

* On the opposite side of the river to Ketton, in the vicinity of the villages of 
Collyweston and Easton, the lowest beds of the Lincolnshire Oolite have long 
be«u extensively worked for the purpose of obtaining the once famous Collp 
weston slate. Excepting for ecclesiastical and other Gothic buildings (in 
which the peculiar colour of the material is greatly admired and much affected 
by some architects) and for strictly local purposes, there is now, however, but 
little demand for the Collyweston slate. A considerable number of pits sre 
still worked in the district, but over a large area the " slate-beds " have been 
wholly exhausted. On a future page we shall give a short account of the 
methods pursued in quarryinf^ ana dressing the "slates " of CoUjrweston, once 
a most important indusliy m this particular district, and which was also 
extensively pursued at Kirby and some other points in the area which we aie 
describing. 

As illustrating the general succession of the rocks among which the slates 
are obtained, we may give the following section from a deep pit at Easton :— 

( 1. ) Beds of oolitic limestone, vaiying greatly in hardness, &c. 

Some of these beds are of sandy texture - - 12 feci 

(2.) Beds of sand, with hard, siliceous, concretionary masses 
lying in the planes of stratification. These sands are 
sometimes indurated and present rounded and mammil- 
lated surfaces - - - - - - 4 feet 

(3.) Bed of hard and partially ooHtic limestone - - 2 ft 6 in. 

(4.) Bed of more or less indurated sand, with smaller con- 
cretionary masses than those of (2) • - - 1 ft 6 in. 

(5.) Hard, blue-hearted, siliceous limestone - - - 2 feet 

(6. ) Finely laminated, cidcareous sandstone beds, which weather 

into "slates" - - - - - - 2feet 

(7.) Hard, fla^ey, siliceous beds with mainmillated surfaces 

(" pot-has," &c), " bastard-rock " of the workmen - 6 inches. 
, (8.) Sands 6 feet 

(9.) Ironstone beds of the Northampton Sand. 

The " slate-beds" (6) contained fine specimens of Lueina WrighHi, Oppd, 
and other shells. 

In an adjoining pit the section is altogether sunilar in every respect, except 
that the " slate-bed " is nearly 3 feet thick. 

The sands which underlie the " slate-bed " at Easton and Collyweston is 
said to be 6 feet thick. Underneath them lies the '' Red-rock " (Nortiiampton 
Sand), but this bed is never bottomed here, as abundance of water is obtained 
in it. Indeed during wet seasons the springs rise so rapidly that it is often 
found impossible to get out the slates. 

In another pit, at a short distance from that in which the section was taken, 
the upper bed of sand (2) is between 5 and 6 feet thick and is dug for bdlding 
and foundry purposes, for which it is found to be well adapted. 



* Brit Abs. Rep., 1847, Froceedings of Sections, p. 128. 
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The 8k>ne immediately above the Ck>llTwe9ton slate is often crowded with 
specimens of Polypodites Lindleyi, Gopp (Pecopteris polypodUAdes, LindL and 
Uatt.)> with some other ferns and plant remains. 

All the Inferior Oolite beds in the neighbourhood of Ck>]l7we8ton and Easton 
are trayersed by a series of master joints, having a very uniform direction of 
4(f W. of North (magnetic). Another set of joints cuts across the beds 
almost at right anp^les to the master joints. By the iointed condition of these 
rocks their quarrying \% of course, greatly facilitateo. 

Although the '* slate-beds " at the base of the Lincolnshire Oolite of the 
Midland district have not yielded any of those beautiful mammalian, reptilian, 
and insect remains, which have made the Stonesfield slate, constituting the 
base of the Great Oolite Limestone in the south-west of England, so famous, 
yet it presents a very similar association of generic forms to those found in the 
latter Deds. The species in the two sets of strata are, however, for the most 
part distinct, and we are led to infct that while formed under very similar 
conditions they are of widelv separated age. In both the Stonesfield and 
Collyweston slate, remains of fish, especially their palatal teeth, abound ; in 
both there occur the same genera of Mollusca, GervilUa, Trigoiua, Lucina, 
Alaria, &c., being especially abundant, while Brachiopods are rare ; and in both, 
the fuooid markings, worm-tracks, ripple-marked surfaces, and evidently drifted 
plant remains clearly indicate the shallowness of the sea in which they were 
formed, and the proximity of the land. 

The general nature of the fiftuna of the Ck>llyweston slates is indicated by 
the accompanying list of fossils collected by the Geological Survey* 

Fossils of the CoUyweston Slate. 

Pterooera Bentleyi, Lye. and Mor. 

Alaria, sp. 

Natica lleckhamptonensisy Lye. 

, Bp. 

Patella rugosa. Sow, 

operculum of P 

Area cancellata, Sow, 
Cucnllsea cucullata, Ool4f> 

^,sp. 

Cardium Buckmani, Lye, and Mor, 

cognatum, PhU, 

— — ^ Stricklandi, Lye, and Mor, 
Ceromya Bi^ociana, d'Orb, 
Homomya crassiuscula. Lye, and Mor, 
Mytilus Sowerbyanus, d'Orb, 
Lucina D'Orbignyana, Lye* and Mor, 
Bellona, d'Orb. 

— despecta, PhU, 

Wnghtii, Oppel, 

Astarte elegans. Sow. 
— ^— ezcavata. Sow, 
TVigonia compta. Lye, 

— hemisphserica. Lye, 
— — impressa? (var.) Sow, 

— Moretonis? Lye. and Mor, 
Myadtes Scarburgenais, PML 

equatus, Phil, 

Modiola imbricata. Sow, 
Pholadomya fidicula, Sow, 

■— — ^— ovalis. Ay, 

Heraulti, Ag, 

, sp. 

Pinna cuneata. Bean, 
Pecten demissus, Phil, 

— paradoxus, Munst, 
personatus, Munst, 

82108. ^ 
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Pecten lens. Sow. 
-^— tezturatus, Ooldfi 

, sp. 

Avicula, 8p. 
Pteroperna plana, Ljfc, 

oostatula, Desloug. 

Lima interstincta, PJul, 

spec. nov. 

pectinlfonnis, Schloth, 

Inoceiamus obliquus. Lye, 
Hinnites abjectus, Phil. 

velatuB, Chldf, 

— tegulatus. Lye. and Mor, 
Gezvillia acuta, Sow. 

monotis, Desloug, 

Ostrea, 8p« 
Anomia, sp. 
Tracts of Annelida. 
Polypodites Lindleyi, Gopp. 

Between fiaston and Stamford the hard, siliceous rock forming the base of 
the Lincolnshire Oolite and representing the Collyweston slate is exposed. At 
several points near the bed of the river Welland at Stamfbrd, it has been 
observed ; and here Mr. Sharp procured his interesting specimen of Astropec- 
ton CottesuHilduB, var. Stamfordensis, Wright. A fragment of the same beautiful 
starfish has recently been found at CoUyweston. 

In the immediate neighbourhood of Stamford the Lincolnshire Oolite is well 
exposed in many pits. Here the nature and succession of the rocks have 
been carefully studied, and their beautiful fossil contents have been assiduously 
collected by Professor Morris, Mr. Bentley, and Mr. Sharp. In some cases 
the sections exposed at the time when the district was surveyed were not so 
dear as in former times, owing to the abandonment or partial filling up of 
certain of the quarries. 

As Mr. Sharp, whose long residence at Stamford and great geological attain- 
ments admirablv fit him for the task, has recently brought together and 
discussed the relations of the various beds seen in the several pits in tiie 
vicinity of that town, I shall here quote his clear statement of the results 
at which he has arrived {vide Quarterly Journal of the Geological Sodely. 
vol. xxix. pp. 262-257) :— 

" Returninff towards Stamford — below the freestone bed of the * Lings,' is a 
very close and brittle marly limestone, in which Rhynchonella Crossii, Walker, 
occurs. Below this are the series of marly and crystalline beds of the Linoohi- 
shire Limestone exposed in Tinkler's and Squires's quarries, havinj^ a thickness 
of about 29 feet; some of them very fossiliferous, and containing sones of 
coral. A particular bed (containing much coral, many NerintBtB, and other 
fossils), verv civstalline, and taking a high polish, was formerly called the 
* Stamford Marble,* and was much used for chimney-pieces. The bed is stfll 
present in the section, but its mineral conditions are so altered as to imfit it 
for its former uses. In Squires's quarry (which nearly acyoins Tinkler's) a soft 
marly bed is thickly developed, and yields a very fine cream-coloured stone, 
easily worked, and (under tne name of the * StanofOTd Stone ') much used for 
chimney-pieces and for the interior carved work of churches. It contains 
many fossils, often in fine condition ; many examples of a large Natica and of 
a very large Lima, and a beautifully preserved m>nd of a qrcadaceoua plant, 
have been obtained. 

" Fossils from the Marly Bed of Squires's Quarry. 

Hinnites abiectus, Phil. sp. 
Lima cardiiformis. Sow. 

Etheridgii, Wright, 

impressa, Mor. Sf Lye, 

proboscidea. Sow. 

— Pontonis, Lyeett. 
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Lima Rodburgcnsis, Lycett, M.S. 

, large sp. (alUed to L. grandia, Homer). 

, large sp. 

Pecten aratua, fVaagen. 

arcuatas^ Sow, 

clathratus. Rimer, 

Arca> large sp. 7 
Astarte elegans. Sow, 

reoondita^ Phil, 

Gardium Buckmani, Mor, Sf Lye, 

subtrigonum, Mor. ^ Lye, 

Geromja B^ociana, cTOrb. 

• similis, Lycett, 

Cucullaea elongata. Sow, 
Cypricardia Bathonica, d*Orb. 
Cyprixia Jurensis, Gold/,, sp. 

■ Loweana, Mor, Sf Lye, 

Lucina Bellona^ d*Orb, 

• deapecta, PhU, 

• Wnehtii, Oppel, 

Macrodon Hiraonensis, rf'Orft., ap. 
Modiola Sowerbyana, d^Orb, 
Myacitea aecuriformia, FhU, ap. 
MytiluB ftircatua, Qoldf, 
Pholadomya Dewal^uea, Lycett. 

Heraulti, Ag, 

• Ijrata, Sow, 



- ovaJia^ Sow, 

- ovtduin, Ag, 
-,8p.? 



Tancredia axiniformia, Phil, 

Rhynchonella aub-tetraedra^ Bav, 
Terebratula perovalia. Sow, 

Natica Leckhamptonenaia^ Lycett. 

(like) Michelini^ d'Arch, 

y sp. ? 

Nerinsea cingenda, Bronn, 

Cottesvoldis^ Lycett, 

Joneaii, Lycett. 

Trochotoma obtusa, Mor, ^ Lye, 

tabulata, Mor, Sf Lye, 

Turbo depauperatua, Lycett. 

Belemnitea acutua. Miller, 

Cljrpeua Michelini, Wright. 
Stomechinua genninana, Phil., large var. 

Calamophyllia radiata, Lamx. 
Latinueandra Flemingi, Edw, 4- Haime. 
Thecoamilia gregaria, M*Coy, 

Hybodus (dorsal apine). 
Strophodua magnua, Ag. (palatea). 
aubreticulatua, Ag. (palatea). 

Frond of cycadaoeoua plant. 

Fertu—^ 
Pecopteria polypodioidea, Lindley, 
Wood, 



1. 2 
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" Section in Lincolnshire Limestone, Tinkler's Quarry, Stamford, 

ft. in. ft. in. 

1. Rubbly and broken limestone ... 40 

2. Soft concretionary marly limestone, containing 

Coral zones, with Pema, Lithodomus inclusus, &c. 3 6 

3. Marly limestone in thin layers, shivered - - 4 

4. Compact marly limestone, in thin and irregular 

layers [I counted seven] ... 36 

5. Very hard limestone, containing oolitic grains 

sparsely distributed, occasionally very blue- 
hearted 2 to 2 6 

6. Earthy shale bed, in very thin lamina, containing 

numerous Pectens and other shells, with tests 

beautiftdly preserved, but crushed by compression 1 6 to 2 

7. ' Stamford Marble ' — a veiy hard limestone, blue- 

hearted, and containing much Coral, Nerinaa 
cingenda, N, triplicata, numerous other shells, 
and teeth and palates of Pycnodus Bucklandi 
and Strophodus magnus and $. subreticulatus — 
formerly much more crystalline than in the 
present section, and then, when polished, a 
favourite material for chimney-pieces, &c., hence 
its name — in two courses - - -10tol6 

8« Very hurd limestone, coarsely grained, in two 

courses - - - - - -26to30 

9. Compact marly stone, rather hard - - 16 

10. Compact marly stone, softer, and containing Ne- 

rimem — in three courses - - - -30to36 

11. Rather oolitic limestone, a good building stone - 10 

" Fossils from Freestone and Shelly Beds near to Tinkler's Quarry. 

Area pulchra. Sow. 

Lima proboscidea. Sow. sp. 

Pecten lens. Sow. 

Pholadomya fidicula. Sow. 

Serpula? 

Stomechinus germinans, Phil. 

Strophodus magnus, Aff. (palates). 

" Fossils from Tinkler's and neighbouring Quarries. 

Avicula clathrata, Lycett. 
' echinata. Sow. 

Gervillia acuta. Sow, 
Lima bellula, Mor, Sf Lye. 

Etheric^rii, Wright. 

Pontonis, Lycett. 

Rodburgensis, Lycett, M.S. 

, large sp. (allied to L. grandis. Rimer) ? 

Ostrea flabelloides, Jtam, 

, large flat species. 

Pecten aratus, Waagen. 

arcuatus. Sow. 

clathratus, Romer, 

demissus, Phil. 

lens. Sow. (or large new sp. ?) 

— — personatus, Munst. 

Area Prattii, Mor, SfLyc. 
Astarte elegans. Sow. 
— minima, Phil. 
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Geromya Bfjoeiana, d^Orb. 

' similis, Mor, 4* Lye, 
Cyprina Jorensis^ Goldf, 

Loweana, Mor, 4" Lye 

trapeziformis. Burner. 

Cypricardia Bathonica, tPOrb, 

nuculifonnis. Rimer, 

Goniomja V-Bcripta, Sow, 
Litho4oinu8 indusus, Phil, 
Ludna BeUona, d*Orb, 

Wrightii, Oppeh 

Modiola Sowerbyana, d^Orb, 
Myacites calceiformis, PhU, sp. 

• decuitata^ PkU, sp. 

securifonnia, Phil, sp. 

Pholadomya Dewalquea, Lycett, 

• fidicula, Soto. 

— Heraulti, Ag, 

— ovalis. Sow, 

, 8p.;? 

-; — -, sp. ? 

Tancredia axinifoimis, Phil. 
Trigonia oostati^ var. puUus, Sow, 

sculpta, Lycett, 

V-costata, lycett, 

y sp. (new) ? 

Uiiicardiam, sp. ? 



Rhynchonella Cpossii, Walker, 

8ub-decorata» Dao, 

— sub-tetraedra, Boo, 

Tenbzatula globata, Sow, 
■■ peroyalis^ Sew. 

phaeroidalis. Sow, 

sub-mazillata. Sew. 

Actseoniiia, large species ? 

Natica (£iispira) caDaliculata, Mor, Sf Lye. 

fonnosa, Mor, 4r Lye, 

— — grandis, Goldf, 

Leckhaxnptonensis, Lycett, 

Nerinaea gpndlis^ Lycett, 
' cingenda, Bronn, 

^— Jonesii, Lycett. 

Oppelii, Lycett, 

triplicata^ Bronn, 

Pbasianella elegans^ Mor, 4* Lye. 
Pterocera, sp. ? (like ignobilis, Mor, ^ Lye), 

Ammonites Mmrchisons, Sow,* 
• BubradiatuSy Sow, 

' terebratuB^ PhU, 

(large septa, very like species found in Feiruginous 



beds at Duston). 
Nautilus obesus. Sow, 

' polygonalis. Sew. 

Belemnites Bessinus, d'Orb, 



Serpula convoluta, Goldf. 



* In the Maseum of^he Stamford Institution. 
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GaleropyguB (Hjrpoclypus) agaridformis, Forhti, 
Holectypus hemisphencus, Ag. 
Pygaster semisulcatuB, Phil, 
Pentacrinus, sp. 7 

Anabacia orbulites, Edvo, Sf Haime, 
Gladophyllia Babeana, Edw. Sc Haime, 
Isaatnea limitata, Edw. Sf Haime, 
Montlivaltia tenuilamellosa, Edw, 4* Haime, 
Thamnastnea, sp.? 
Theoosmilia gregaria, M'Coy. 

Hybodus (large spine). 
FfcnoduB Buckliuidi, Ag, (teeth). 

TdeosauruB (tooth). 



Peoopteris polypodioides, lAnd, Sf Hutt, 
Coniferous wcmmI. 

'* Professor Morris, in his well-known Paper on the Lincolnshire Oolites, 
published in the Society's Journal for 1853, gives, on page 336, the following 
as a foot note : — 

" ' At Tinkler's quarry and the adjoining lands near Stamford, a typical 
series of the whole district may be observed. In a higher part of the hill, the 
stratified and bituminous clays, with the ferruginous band, may be observed, 
overlying the freestones (Ketton and Gasterton); the lower paits of the ftte- 
stones fiK>m the top of the quarry ; below which — 

1. Compact oolitic rock, few shells . - - - 

2. Concretionary compact marly oolite, full of shells, and 

zones of corals, the bottom more compact, the upper 
part marly, and decomposes more rapidly, containing 
shells in great abundance .... 

3. Compact hard shelly oolitic rock, Nerifuea, &c. 

4. Compact oolitic rock, somewhat crystalline 

5. Shaly bed^ irregular laminated, fragments of plants and 

many compressed shells, Lucina, Pecten, Sec, 

6. ' Stamford Marble,' — verjr compact, marly limestone, fiill 

of sheUs and conJs, Neritusa abundant . - - 

7. Indurated, somewhat marly rock - . . - 

8. Compact rock ------ 

9. Compact, marly, coarse grained, oolitic rock 

10. Fine-grained, oolitic rock - - • - • 

1 1 . Cream-coloured marly rock*; with NerifuBa abundant J^itma 

Terebratula, Isocaraia {Ceromya), Modiola, Lucina, &c. 1 6 

12. Coarse oolitic rock • - - - 2 feet to 26 

" ' Probably resting on the sands with slaty beds, which have been found is 
sinking lower down the hill, overlying the ferruginous rock, which coven tb« 
Upper lias.' 

" This series, thus noted by Professor Morris 20 years ago, may still be 
considered, so far as it goes, to be 'irpical' of the district; but, as mic^t 
be expected, the then section in Tinkler's quarxr does not exactly agree wi:'£ 
that now exposed ; which, of course, is at some distance from the former s*c 
A comparison wiU exhibit differences, and yet a remarkable coinddenc^ 
Although entirelv different sets of figures represent the various thickn^ 
of the beds of the two sections, these figures, when summed up, g^ve tou: 
thicknesses for the two sections almost identical. Thus, the section rec^t!; 
measured by me exposes a thickness of about 29 feet, to which may be ^daci 
the further thickness of 20 feet penetrated by the well, givini^ a total thickness 
of 49 feet. Professor Morris's measured and estimated thickneasea amfiOE' 
together to 60 feet; the difference being only one foot. 

* This represents the marly bed, the ** Stamford Stone," of Squires's quarry. 
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'* The coincidence seems to me very significant. However variable and dis- 
crepant the rate of deposition at the two points during the passage of time 
represented by the whole thickness of beds, the aggregate amount of deposit 
at both points only differed in the proportions of 49 to 50. 

'* The measurements of the beds of the Lincolnshire Limestone exposed at 
Simpson's quarry, on the ' Lings/ in Tinkler's quarry, and in the well, give 
65 feet as the total thickness of the formation here. 

" A well at Torkington's brick-pit (half a mile to the east) pierces through a 
thickness of 74 feet of the same beds ; this about tallies with the thickness 
pierced bv a well sunk by Mr. Browning the architect, at a somewhat lower 
level in North Street, allowing for a diminution of thickness at the top. 

*' Some excavations were recently made, at a lower level than Tinkler's quarrv, 
near to the Scotgate entrance to Stamford ; which exhibited the Slate beds 
reposing on the Lower Estuarine Sands. 

*' For the foundations and cellars of the houses of the Rock Terrace, hard bv, 
excavations were made in the Ferruginous beds of the Northampton Sana ; 
so that the surface of the Upper Lias Clay cannot be many feet below the 
level of the street at this point. 

'* To the east and north-east of Stamford, the various bed are considerablv 
depressed. On the road to Uffington, immediately north of the bridge which 
passes over the Stamford and Essendine Railway, and abutting upon the deep 
cutting here, is Mr. Eldref s quarry ; in which is a fine section, exposing a 
thickness exceeding 30 feet of beds of the Lincolnshire Limestone. 

'' The floor of uiis quarry is only a few feet higher than the level of the 
Welland river at this point, although the base of the limestone has not been 
reached. 

*' This is a very good tvpical section of the middle beds of the formation ; 
which here has tnickenea considerablv. It consists of a series of fifteen dis* 
tinct beds of limestone, of varying caaracter : some are oolitic (one being a 
trae ' freestone '), and these are in an unusual position, at the bottom of the 
section, while others, and by far the greater part, are marlv, and devoid of oolitic 
grains ; some are soft;, like the Squires's-pit * Stamford Stone,' while others 
are hard, and sometimes crystalline and blue-hearted ; some are very fossili- 
ferous, while others are slightly so, and some apparently bare of fossils. In 
my detailed notes of this s^stion, I have recordea the peculiar names by which 
the several beds are identified by the quarrymen. 

" Section at Eldret's Quarry, tnth Quarrymen's Terms. 

ft. in. 

1. ' Rammel ' — ^broken stone, about - - - - 4 

2. * Clinkers ' — compact marly whitish stone, very good for 

lime-burning : has a glistening fracture - - - 2 

3. ' Pendle ' — ^hard, flaggy limestone, rather oolitic, deeper in 

colour than the last, m thin layers - - - 2 

4. ' Shelly Course ' — composed wholly of shells with corals, 

very hard, (' Stamford Marble ' ?) - - - 2 

5. ' BuUymong ' — soft white marly limestone, containing 

numerous fossils (like the ' Stamford Stone ' of Squires's 
quarry), more compact and harder towards the bottom - 4 

6. 'Blue Limestone' — hard compact stone, blue-hearted, 

good rubble walling-stone - - - - - 4 6 

7. Course of cream-coloured clay - - - - 2 

8. Hard limestone, with oolitic grains - - - 1 

9. • Bastard Freestone ' — an oolitic limestone, in two courses 3 

10. Hard and compact marly course - - - - 7 

11. Soft white marly limestone (like the ' Stamford Stone ' of 

Squires's (^uany), in four courses of different thickness - 5 

12. ' Caley ' oohtic bed (like some of the upper beds at Colly- 

weston) - - - - - - -10 

13. ' Bastard Freestone,' containing concretionary masses of 

very hard limestone - - - - - 1 6 

14. ' Freestone ' — a good oolitic freestone - - - 1 1 

15. Limestone— thickness not ascertained." 
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At Stamford the effects of the great Tinwell and Walton fault 
are first encounteredi as will be seen by a reference to the map. 
Owing to this great dislocation, and the cross faults in connexion 
with ity the several strata in the vicinity of the town are found 
occupying peculiar, and at first sight apparently anomalous, posi- 
tions. For an account of the exposures of tne beds obtained 
during the construction of the railway and other works in the 
vicinity of the town, I again quote Mr. Sharp's admirable 
Memoir: — 

''At Stamford Bridge, the Upper lias Clay is only juat up to the leyel of 
the bed of the river; and in ascending the mil from this point through St. 
Martin's, will be passed over in succession — ^the ferrogmous beds of the 
Northampton Sand, the Lower Estuarine sands and clays, the Collyweston 
Slate and linoolnshire Limestone beds, and the Unper Estuarine Clays ; then 
again, in reiterated sequence, a great thickness or Upper Lias Qay, the fer- 
ruginous beds (worked for ironstone at the top of the hill), the Lower Estua- 
rine beds, the Collyweston Slate, and further on the rock beds of the Lincoln- 
shire Limestone. So that the Collyweston Slate occurs both at the foot and 
at the top of the escarpment, with a diiference of level of some 150 feet. 

** A cross fiBiult has divided the sunken mass ; for, in a section at tiie back 
of the Midland Railway Station (levelled out of the side of the hill), the 
Lincolnshire Limestone is seen in lateral juxtaposition with the ferruginous 
beds of the Northampton Sand. From an excavation in the station-yard I 
obtained, from a calcareous band in the latter, fragments of a zone containing 
numerous bivalves, the hollows of which being filled with calcite offer a 

rkling contrast to the ferruginous matrix — an effect exactly parallded by 
Astarte-eUgans zone in ironstone quarries at Harlestone, near North- 
ampton. 

'' The railwav passes, by a tunnel under St. Martin's, through the subsided 
mass of Lincomshire Limestone, the beds of which have preserved thdr hori- 
zontal position, with little apparent disturbance. At the east end of the 
tunnel, the railway (veiy little above the level of the river) passes over beds of 
the Collyweston Slate ; from which, at this point, in 18od, I obtained the 
beautiful and unique Astropecten Cotteswoldia, var. Stan^ordensis, described, 
named, and figured, by Dr. Wright, in his Monograi)h upon the AsteroideOj 
published in the volume of the Palieontographical Society for 1862." 

'' St. Martin's, Stamford. 

'' On the summit of the hill south of and over-looking Stamford, are tiie 
Marquis of Exeter's excavations for ironstone, just within the BurgUey Ftek 
WaU. 

*' At the top of the section, in patches, answering to the surfisoe contour, 
appears the Collvweston Slate, weathered into slate from lying so near the 
surface : beneatn this are the Lower Estuarine sands and dayn, having^ a 
thickness of from 6 to 7 feet, the lowest band containing vertical plant 
markings : immediately under these, is the ' Best Black ' ironstone (cellul&r), 
then the ' Second,' together from 4 to 5 feet in thickness : a calcareous band 
of 6 inches comes in here; and below it succeed — the ' Bottom ' ironstone (so 
called), also cellular, 2 feet; a green ferruginous bed, lifoot; and a thin 
ferruginous band, ' full of water,' and oontainmg small pebble-like nodules 
ras in the same bed in different ironstone quarries about Northampton) 
9 inches ; and under all the Upper lias. As far as 1 have been able to ascer- 
tain, no fossils have been found in these beds. 

" Section at BurgUey Park Ironstone Quarry. 

ft. in. ft. in. 
1. Soil and rubble, with patches of Collyweston SUte 

at bottom - - - - - - — 26 
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ft. in. ft. in. 



2. Lower Estoarine i 

a. Sand, pale yellow, becoming redder towards the 

hoUom - - - - - 5 

b. Blue day, with vertical plant-markings - - 1 6 

3. Ferruginous oeds — 6 6 

. a. 'Best black 'ironstone, cellular - - 2 

b, ' Second/ less cellular, and more sandy -20 

e. Calcareous band - - - - 6 

d, ' Bottom ' ironstone, cellular - - - 2 

e. Green ferruginous stone, about - - - 1 6 
/. Thin red femmnous band, with pebble-like 

nodules (as at Duston and Kingsthorpe) - 9 

8 9 

(The last two beds were ' full of water '). 

4. Upper Lias Clay. 

" Within a few hundred yards to the west, are Lumby's Tena-cotta Works. 
A band in the Lower Estuarine Clays supplies an ezMllent material (mixed 
with some other ingredients) for this manufacture, and a very durable cream- 
coloured terra'Cotta is produced. Similar clay is found at other places in the 
same bed, and is largely used in the well-known terra-cotta works of Mr. 
Blaahfield of Stamford. 

*' At a Quarter of a mile further south, on the roadside opposite Whincup's 
Farm, is tne old stone quarry of the abolished Trustees of the Great North 
Road. The Lincolnshire Limestone is here seen in section to the depth of 
18 feet : it is divided into eight distinct beds, varying in mineral condition ; 
some are marly and others oolitic, those near the bottom having much of the 
character of Bamack Rag, being coarsely oolitic, and containing numerous 
small shells. 

" Section in the Lincolnshire Limestone in the Old-Road Pit, near Whincup's 

jPomi. 

1. Rubble and broken limestone .... 

2. Compact cream-coloured marly limestone, in thin layers 

much broken .----- 

3. Soft white marly limestone, surfttces and angles rounded by 

weathering {Lima belMa, Mor. and Lye.) - - - 

4. Hard cream-coloured limestone, rather oolitic 

5. Oolitic limestone, like the ' cale ' of Collyweston - 

6. Soft crumbling' caley' oolite - . - - 

7. 'Ri^' bed — coarse oolite, containing numerous shells, 

Lucina WrightU, Oppel, Opis, &c. ... 

8. Hard oolitic stone, not bottomed .... 

" Whitterino. 

** A mile south of Whincup's Farm the road descends a small vallev, crosses 
the White Water brook upon the Upper Lias, and, after passing for a mile 
over various beds of the Lincolnshire Limestone, traverses tne area of the old 
' Whittering Pendle ' quarries. These were very shallow, and, bavins fallen into 
disuse, tiie old &miliar pits have long since been levelled down and ploughed 
over. The ' Whitterinp^Tendle,' although it has been considered identical with 
the Collyweston Slate, is very different in its mineral character, being very hard, 
crystalline, and sometimes almost chertv* in texture. It was excavated in large 
insular slabs, varying in thickness from one inch to two inches, and was 
uaSi, without being squared, for the door-slabs and rough floors of cottages, 
for back-kitchens, &c. 

''The fossils gathered from this bed are generally characteristic of the 
Lincolnshire Limestone ; but I must particularly notice a specimen taken by 
myself from the section nearly thirty years ago, and labelled as a Coral during 
all that time, but which last July was identified bv Professor Phillips, F.R.S., 
as the spadix or fruit of Aroides Stutterdi, Carruth., an Arum-like plant, only 
previously known, I believe, as occurring in the Stonesfield Slate, and 
described by Mr. Carruthers in the ' Geological Magazine ' for April 1867. 
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«' FosiUs from the * WkUtermg Pendle. 

Gervillia, sp. ? 
Hinnites aDJectus, Phil. 

velatus, Gok^. sp. 

Lima cardiiformis. Sow. 

impreflsa, Mor. Sf Lye, 

PontoniB, Lycett. 

Pecten aratuB (?), Waagen. 

lens (?), Sew. (or new sp. ?). 

personatus, Gokff' 

Penia quadrata, Phil. 

rugosa, Qoldf. 

Pteroperna, sp. ? 



Lucina Bellona, d*Orb. 

Wriffhtti, Oppel. 

Macrodon Hirsonensisj d*Arch. sp. 
Modiola, sp. ? 

Belemnites Bessinus, d*Orb, 



Aroides Stutterdi, Carruth. (spadix). 
Owine to the series of faults already alluded to, the beds of the 
Lincolnshire Oolite are found considerably to the eastward of their 
main line of outcrop, and are exposed in more or less isolated 
sections at many pomts along the tributaries of the River Nene. 
The peculiarities presented by the beds at these their most 
eastemly exposures, and where they are rapidly becoming atte- 
nuated preparatory to their final disappearance altogether in this 
direction, will be described in the sequel. 

To the west of Stamford the beds of the Lincolnshire Oolite are seen to be 
considerably disturbed in the neif(hbourhood of Wilds* Ford, where, as will be 
seen by a reference to the map, a fault intersects the strata. 

At a stone-pit between this last-mentioned point and Stamford, and it a 
distance of about one mile west of the latter town, the following species were 
obtained by the fossil-collector of the Survey : — 

Natica Leckhamptonensis, Imc. 

Nerinaea pseudo-cylindrica, a' Orb. 

, sp. 

Astarte, sp. 

Ceromya Bajociana, tTOrb. 

Lucina Bellona, d*Orb, 

Modiola imbricata. 

Macrodon Hirsonensis, d*Arch. 

Myoconcha crassa. Sow, 

Mytilus Sowerbyanus. 

Pholadomya fidicula, Sow. 

• i ovalis. Sow. 

, Heraulti, Ag. 

9 reticosta. 

Lima cardiiformis. Lye. 4* Mor. 

-^— bellula. Lye. 4" Mor. 

punctata. Sow. 

pectiniformis, Schloth. 

Pontonis, Lye, 

Pecten lens. Sow. 

Pinna cuneata, Beau. 

Terebratula sub-maxillata, Dav. 

Thamnastrea Lyelli, Edw. Sf Haine. 
Pasnng again to the outer escarpment of the main line of outcrop we find 
many exposures of the beds which we are describing. The effect of the series 
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of north and south fkults which intersect the strata between Tickenoote and 
Blatherwycke are sufficiently illustrated by the map, and need not be fiirther 
alluded to here. Near these fkults the strata are often much disturbed, as 
may be seen at Ketton Station and in the railway-cutting to the eastward 

of It. 

In a railway-cutting east of LufPenham Station the lowest beds of the Lin- 
colnshire Oobte are exposed. The courses of limestone are here seen to be 
interstratified with beds of white or yellow sand, such as are so frequently 
found occurring towards the base of the limestone series. Some of the lime- 
stone beds are laminated and pass into coarse slates. 

In the churchyard of North LufPenham the graves are opened through a bed 
of slaty rock into the white sands below. 

In the South LufPenham cutting of the London and North-western Railway, 
the oolitic limestone, the Northampton Sand (ferruginous rock with usual 
characteristics, but only 3 or 4 feet tnick), and the Upper Lias Clay are all 
seen. 

About Edith Weston, and again at Whitwell and Bamsdale, the beds of the 
Lincolnshire Oolite are exposed at a number of points near the escarp- 
ment: the strata are here a£Pected by a number of small faults. In the 
stone pits above Whitwell and in those of the lime-kilns at Bamsdale Hill we 
find the lower beds of the Lincolnshire Oolite, consisting of hard compact beds 
of oolitic limestone with flaggy beds at their base, tmderlaid by sand. 

A pit formerly existing at this place is thus noticed by rrofessor Morris 
and Captain Ibbetson : — " *At Edith- Weston a species of lAngula, near to, 
if not identical with, L. Beanii (Phillips), occurs in great abundance, indi- 
cating like the recent congeners its gregarious habits, and there mixed up with 
numerous fragments of the Pecopteris polypodioides in fructification." 

To the eastward, in the neighoourhood of Normanton, there are many expo- 
sures of the Lincolnshire Oolite. Extensive quarries exist near Normanton 
Lodge, and in the excavations for a large tank in firont of Normanton Hall I 
saw the fireestone beds resting on the representative of the Collyweston Slate, 
and this in tarn on the Northampton Sand. 

Over an extensive area stretching to the northern limits of Sheet 64 the Lin- 
colnshire Oolite forms a great plateau capped by numerous outliers of the beds 
of the Great Oolite. Quarries m the former beds are numerous in this district, 
but seldom. o£Per any features of interest. This district is but little obscured 
by Boulder Clay. 

At Tixover the quarries of oolitic limestone have yielded many fraffments of 
Trichites; at Pickworth in the same rock a very large Pecten (undescribed), 
with a diameter of seven inches, was found ; and the same beds of the linooln- 
Bhire Oolite at Little Bytham have yielded a fine 'Anmionite (A. polyaeanthus, 
Waagen). The extreme rarity of Anmionites, and indeed of all Cephaloi>ods 
in the Lincolnshire Oolite, has already been noticed; Stamford and little 
Bytham are the only localities within Sheet 64 at which these shells have been 
detected. 

At Qipsham Quarries the beds of the Lincolnshire Oolite are extensively 
wrought for building purposes. The stone is quarried from beneatii a consider- 
able thickness of the Estuarine Clays forming the base of the Great Oolite series. 
The sections are similar to those of Ketton and Stamford brickyard (Torking- 
ton's pit) but not so complete. The ironstone junction-bed is present, but 
does not seem to be so persistent as is usually the case. The Clipsham sections, 
arc, however, somewhat obscure. 

The Clipsham freestone which, like that of Ketton and Weldon, is associated 
with other beds of more or less coarse shelly rag, is an oolitic limestone similar 
to that of Ketton, but less even in grain, and with a few shells scattered through 
its mass. Its characters more closely resemble those of the extensively worked 
stone of the same age about Ancaster. 

At the cross-roads between Greetham and Thistleton there are extensive 
quarries, exhibiting the Lincolnshire Oolite as a compact, sub-crystalline lime- 
stone presenting many of ike shells, &c. characteristic of the coralline facies of 
the formation. 

* Bep. Brit. Ass., 1847, Trans, of Sec., p. 131. 
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In the neighbourhood of Little Bytham the similar beds fof the mariy or 
compact yarie^ of the Lincolnshire Oolite are found in some pits to be almost 
entirely made up of coraLs, the interiors of which are nearly always filled with 
beautinilly crystallised calcspar. Near the same place we find the pecidiar 
concretions surrounding and enclosing a number of oolitic grains already 
alluded to. These concretions miffht at first sight be mistaken for pebbles, 
but an examination of their internal structure will soon disabuse the mind of 
this idea. The pit in which they occur presents the following section : — 

Pit between Little Bytham and Witham, half -a^mUe from the former place, 

(I.) Rubble and soil. 
^ (2.) Beds of oolitic limestone, with usual 

characters - - - 5 feet. 

(3.) Beds of oolitic limestone, full of the 

irregular concretions - - 5 or 6 feet to bottom of pit. 

This pit is clearly near the top of the Lincolnshire Oolite, for the Upper 
Estuarine Clays are seen let down in pockets at the top of the pit. 

From Bamsdale northwards to the extreme limits of the sheet, the beds of 
the Lincolnshire Oolite Limestone do not extend to the outer escarpment, which 
is entirely formed of the Northampton Sand. The strata of the first-mentioned 
formation do not here a£E6rd any sections of particular interest to the geologist, 
and the line of their junction with the underlying rocks is in places conottled 
by Boulder Clay. 

In a pit in the oolitic limestone east of Market Oyerton the beds exhibit 
eyidences of a disturbance which is probably of an entirely local character, 
and not in any way due to subterranean moyement on the larffe scale. The 
appearances presented by this section are represented in the woodcut (Fig. 13). 
Many of the oeds here, as is usual in this rock, exhibit much oblique lamina- 
tion. 

Fig. 13. Section in Lincolnshire Oolite Limestone East of Market Overton. 







The appearances presented in this section are cauable of explanation on the 
hypothesis that subterranean streams of water, such as certainly occur in the 
district and notably between Thisleton and South AVitham, have dissolyed out 
channels or great subterranean tunnels in the calcareous rock. The formatioD 
of such cayems would, in many cases, be followed by subsidences of the super- 
incumbent strata into them, and thus effects similar to the ** creeps " of coal- 
mining districts might be produced near the surface. The depression is filled 
with Boulder Clay, which is denuded away firom all the area around. This 
indicates that the subsidence took place before that denudation was com- 
plete. 
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Inliersy ^c. of the Lincolnshire Oolite. 

Besides the exposures already described along the main line of 
outcrop, the beds of the Lincolnshire Limestone make their appear- 
ance to the eastward^ usually in more or less isolated sections, along 
the lines of the numerous brooks which h^ve cut for themselves 
valleys through the Boulder Clay and subjacent oolites, and 
empty themselves into the None and Welland* In some cases 
these patches of Inferior Oolite Limestone are completely isolated, 
and exist as inliers in the midst of the Boulder Clay or the beds 
of the Great Oolite series ; in other cases their connexion with 
the main portion of the outcrop of these beds in the district, 
along the oand which we have already described, can be traced. 
It will be convenient to describe all these more eastemly expo- 
sures of the formation together, as there are a number of 
features which are common to them all. Owing to the eastemly 
attenuation of the formation which we have had occasion to notice 
so frequently, the Lincolnshire Oolite in the localities which we are 
now about to notice is of far inferior thickness to that which it 
presents along the line of escarpment to the westward ; and in 
some places we find it with altogether insignificant proportions, 
and actually see it disappearing altogether, thus permitting the 
estuarine beds of the Great Oolite to repose directly upon those 
of the Inferior Oolite. Among the most interesting exhibitions of 
the eastemly part of the Lincolnshire Oolite in tnis district the 
following may be noticed. It must be borne in mind that the effect 
of the faults which traverse the district has been such as to place 
the beds in a favourable position for their exposure at the surface 
by denudation. 

On the extreme southern limit of Sheet 64 an interestin^jr inlier of the Infe- 
rior Oolite (Northampton Sand and Lincolnshire Oolite) occurs, which has 
been already noticed (see Introductory^ Essay, pp. 36, 38, and fig. 3). The Infe- 
rior Oolite strata show considerable signs of disturbance which appears to have 
taken place before the deposition upon them of the beds of the Great Oolite 
series. 

Further to the north two other small inliers of the Lincolnshire Oolite simi- 
Isrlv occur, in the midst of the same tract of oountr^r composed of Great Oolite 
rocks, and for the most part deeply covered with drift. The small patches of 
strata exhibit 1)eds greatly disturbed and fiBiulted, and as in the last instance 
their exhibition at the surface is due to the cutting of a deep valley in the 
overlying beds by small streams. 

Along the valley of the Nene from Aldwinkle to Perio Mill, con- 
siderably to the north of Oundle, the limestone of the Lincolnshire 
Oolite series is altogether absent ; the Upper Estuarine series (Great 
Oolite) resting directly upon the Northampton Sand. It is in the 
small lateral valley in which the village oi Southwick is situated 
that we first find traces of the great calcareous formation of the 
district. 

At Cross-Wa^-Hands Lodge, at the bottom of the valley just alluded to, 
there is a pit m the shelly, oolitic freestone, wMch is seen to the depth of 
12 or 14 feet, with the usual characters and fossils. At the cottages near, a 
well was sunk to the depth of 30 feet, before water was obtained. The lime- 
stone beds can be tno^ eastwards along the sides of the same valley to 
Stonepit Field Lod|^ 

At the last-mentioned locality we find the attenuated representative of the 
lower part of the Lincolnshire Oolite (CoUyweston Slate) on the point of 
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disappearing. The section here exhibits a thickness of 12 to 14 feet of very 
hara, slaty sandstone, calcareous in places, containing irregular masses of 
brown oxide of iron, and presenting many mammillated sur^M^s (" pot-lids," 
&c.) The fossils in this rock are few and badly preserved ; among them occur— 
Gervillia acuta, Sow. 
Pecten vagans. Sow. 
Pteropema (plana P, Lye. and Mor.) 

Several bivsJves and univalves too imperfect for identification. 
Wood and plant remains. 
In the valley in which the villages of King's Clifie, Apethorpe, and Wood- 
Newton are situated, we find another series of exposures of the Lincohishire 
Oolite Limestone; the beds, as in the previous case, thinning out and dis- 
appearing as we follow them to the easti^nirds. 

llie slipping of the beds of limestone at King's ClifPe over the subiaoent 
beds has given rise to some picturesque features upon a small scale. A nouse 
at King's Cliffe on the left bank of tne Willow Brook is built in an old stone- 
quarry ; the face of rock forms the back of the house, and the hard siliceous 
beds representing the Collyweston slate form its floor. The sands of the 
Lower Estuarine Series are seen below the rock. 

A pit on the left hand side of the road leading from King's Cliffe to Spa 
LodgB is opened in the oolitic limestone ; the rock is here traversed by la^ 
fissures {" pipes ") which are filled with the white, marlf and sandy clays of 
the Upper Estuarine Series, here seen covering the oobtic limestone rock. 
These fissures, which vary from 1 to 5 or 6 feet in width, coincide in 
direction with the joint planes of the beds, and in all cases show on their 
sides signs of the solvent action by which they liave been formed. In some 
cases the sides of these fissures are covered with beautiful deposits of stalag- 
mite. 

On the side of the hill on the right bank of the Willow Brook and opposite 
to ClifP, there is a pit showing the lower beds of the limestone resting on the 
sands below. The basement bed of the Lincolnshire Oolite is a hard, quartzose 
rock, of more or less laminated structure, with mammillated surfaces beneath, 
at the lunction of the limestone and sand. 

On the surfaces of the flags obtained from these pits, which can sometimes 
be raised of considerable size and are used for rustic oridges, peculiarlv shaped 
concretionary masses are sometimes found. One concretion of this character, 
found on a slab near King's ClifPe, has attracted much attention in the 
neighbourhood from the popular belief that it is a "fossil carrot." Small 
recesses or caverns are sometimes formed by the weathering out of the sands 
from beneath the hard rock ; one of these is known in the district as " the 
Robber's Cave." 

In the very shelly beds of the Lincolnshire Oolite exposed at some points 
near King's Cliffe many specimens of the drifted fossils, of which they are 
wholly made up, can be procured. An interesting collection of these shells 
made by the Rev. Miles J. Berkley, F.R.S., &c., during his residence at this 
place was obligingly presented by him to the Geological Survey. 

Along the Ime of the Willow Brook, between King's Cliffe and Fotheringhay, 
a good section of the beds of the district can be made out. Near King's Cliffe 
the Lincolnshire Oolite'consists of hard, compact, marly rock ; and on the road 
from King's Cliffe to Apethorpe this rock is found passing into soft, shelly 
oolite. 

The following fossils were obtained from the Lincolnshire Oolite in the 
neighbourhood of King's Cliffe : — 

Belemnites acutus. Mill. 
Pleurotomaria sulcata. Sow. 

, sp. 

Phasianella Pontonis, Lye. 

■ striata. Sow. 
Natica Leckhamptonensis, Lvc. 
Trigonia Moretonis, Mor. ana Lye. 

tenuicosta. Lye. 

Pholadomya fidicula, Sow. 
- Heraulti, Ay. 
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Myacites Scarburgeasisy PhU, 

securifonnisj Phil. 

■ decurtatus, PhU. 
Mytilus SowerbyanuSf d^Orb, 

lunulans. Lye, 

Ludoa Bellona, d*Orb, 

Wrightii, OppelL 

-^— d'Orbignyana, Mor, and Lye. 
Cyprina nuciformis. Lye, 
Ceromya Bigociana, d'Orb, 
CucullKa cucullata. Gold/, 
Cardium Buckmani, Lye, and Mor, 

f 8p. 

Area rugosa, Lye. and Mor, 
HinnitcS abjectus, Phil, 
Pteroperna plana, Lve. 
Pecten demissus, Pnil» 
-^— lens. Sow. 

articulatus. Sow, 

Gryphsea minima, Phil, 

Ostrea flabelloides. Lam, (O. Marehii, Sow,) var. 

Lima Pontonis, Lye, 

bellu]a. Lye, and Mor, 

grandis. Lye, ? • 

pectinifonnis, Schloth. 

■ punctata. Sow, 

, sp. 

Terebratula submazillata, Mor, 
JiB, Sow. 



Rhynchonella varians. Sow, 

— — spinosa. Sow,, var. Crossi, Walker, 

Serpula intestinalis, Phil, 

plicatilis, Ooldf, 

» 8P- 

Pygaster semisulcatus, Phil. sp. 
Pseudodiadema depressa. Ay, sp. 
Galeropygus agariciformis, Forbes. 
Thamnastnea Lyelli, Edw. and Haime. 

The Wood-Newton " parish-pit " is opened in the oolitic limestone of the 
Lincolnshire Oolite, which is here hard and somewhat laminated in structure. 
In the bed of the stream below white and brownish sands are seen. The 
strata here exhibit signs of disturbance. 

Opposite to Wood-Newton the bed which rests unmediately upon the sands 
of the Lower Estuarine Series is a very hard, fine-grained, calcareous sand- 
stone. This rock contains sufficient carbonate of lime to break along cleav- 
age planes with a brilliant lustre. 

In the well at Wood-Newton brickyard the following section was 
obtained : — 

(I.) Clay (Upper Estuarine Series) of white and light-blue 
colour and sandv character, with whitish concre- 
tionary nodules, but no fossils - - • 3 to 8 feet. 

(2.) Ironstone junction-band. 

(3.) Stone, as described above (Lincolnshire Oolite) - 1 ft. 3 in. 

(4.) White sands, becominpr ferruginous below, and rest* 
ing on rock in which water was obtained (North- 
ampton Sand) - - - - -17 feet exposed. 

At this point it is evident that the attenuated representative of the Lincoln- 
shire Oolite is on the point of disappearing. 

In the cleared space between the Walk of Sulehay, Spires Wood, and Ring 
Haw, there is a large pit with a limekiln, opened in the beds of the Inferior 
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Oolite Limestone. The beds are here generally odmpact, or somewhat sandy, 
and only occasionally oolitic. The white olays of the Upper Estuarine Series, 
which rest on the limestones, are well seen in the fields around. 

On the road from Rinff Haw to Yarwell there is another pit in beds of 
similar hard, white, sandy, and but rarely ooUtic limestone, here dug for 
road-metal. 

To the south-east of the town of Stamford the beds of the 
Lincolnshire Oolite are well displayed Qver a very considerable 
area, owing in part to the great displacement which the beds of 
the formation have undergone by* the faults which traverse the 
district, and its extensive denudation by the Rivers Welland and 
Nene (the valleys of which are here closely approximated) and 
their tributaries. In this area we are able to study the easterly 
attenuation and disappearance of the formation in the valley of the 
Nene ; but in that of the Welland the eflTect of the great fault 
has been to throw down a higher series of beds along the lower 
part of the course of that river, before it reaches the fens. Hence 
the sections presented along these two valleys, which are only a 
few miles apart, offer many striking points of contrast, as will be 
seen by an inspection of the map. 

loT Burleigh Park the Lincolnshire Oolite can be seen both in the low 
grounds in front of the mansion, where a large excavation, made to receive 
the drainage, exposed an instructive section, and in the high grounds behind 
it, where it is found overlying the Northampton Sand, and with that forma- 
tion constituting the summit of a steep escarpment, the lower slopes of which 
are formed by the clays of the Upper Lias. Nothing can be more striking 
than the eifects of the Great Tinwell and Walton fisult at this point, the 
fault, as will be seen from the map, passiujg through the midst of the park. 

Over the high ground constituting Wittering Heath the Hmestone of the 
Lincolnshire Oolite forms the surface rock. Here the nature of the light, 
stony soil, of a deep red colour, which these limestones afford is very well 
illustrated. Some portions of this area have not long been brought under 
cultivation. 

In the neighbourhood of Bamack the very extensive *' hills and holes " 
show what enormous quantities of the celebrated "Bamack-rag" were 
quarried in former times. Indeed almost all the beautiful ecclesiastical edifices 
of the Norman, Tnmsition, Early English, Geometric, and Decorated periods 
in North Northamptonshire and South Lincolnshire, and especially those of 
the adjoining Fenland, appear to have been constructed of stone derived from 
these extensive quarries, around which a very considerable population of 
quarrymen appears in early times to have been established. Far earlier, even 
in Roman times, the value of this building material seems to have been recog- 
nised ; but before the Perpendicular period (15th century) the use of the stone 
appears to have been abandoned, probably frt>m the exhaustion of the quarries, 
llie excavations of the '* hills ana holes '' of Bamack, now filled up and grass- 
grown, are continued in Waloot Park, where some of the nits still remain 
open. Several pits in the Lincolnshire Oolite are still worked near Bamack, 
but in none of them is a rock of exceptionally fine quality found ; and the 
general opinion that the Bamack-raff (a freestone of excellent quality ahnost 
made up of small shells and other dnfted organisms, and containing a lew 
scattered oolitic grains) is now wholly exhausted is probably the oonect one. 
It is only necessary to study some of the beautiful Gothic edifices constructed 
of this stone to see how freely it was capable of working under the cUsel, how 
suitable it was for buildings with elaborate mouldings and florid decorations, 
and how its durability so well adapted it for preserving the triumphs of 
mediaeval workmanship, even when exposed in the open air to a ngoroos 
climate. 

Of the sections now exposed at Bamack the following may be noticed as 
typical. 
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Pit m Lincolnshire Oolite Limestone near Bamack, 

(1.) Sofl. 

(2.) Rubble oolite. 

(3.) Rock, made up of small shells and fragments of shells, 
echinodenns, corals. Sec; plates and spines of 
Cidaris, with joints of Pentacrinus, and many speci- 
mens of the minute variety of Rhynchonella epinoea 
(R. Crossi, Walker) abound - - - - 4 feet seen. 

(4.) Ordinary white, oolitic limestone, not shelly - - 8 feet. 

(5.) Beds of yellow and white sand containing hard siliceous 

concretions ------ Base not seen. 

The bed (3) is regarded as part of the celebrated bed of the " Bamack- 
ng," which it greatly resembles. It is here exposed near the surfiiLce, and is 
consequently or little value. 

It is not certain whether the bed (5) is to be regarded as representing 
the higher part of the Northampton Sand, or the base of the Lincolnshire 
Oolite, i.e., the beds in which, at certain points, the Collyweston Slates make 
their appearance. 

It is interesting to notice that the shelly facies of the Lincolnshire Oolite 
occurs at Bamack near the base of the series. At many points in this 
neighbourhood sandy beds occur intercalated in the lower part of the 
series (Collyweston Slate). At Wittering Heath, as we have alit»dy seen, 
these arenaceous beds are indurated into the beautiful, hard, silioeo-odcareous 
rock known as " Pendle." 

At Southorpe, and along the railway line between Stamford and Wansford, 
there are a number of exposures of the Lincolnshire Oolite limestone, and 
of the sands intercalated m the lower part of the series and immediately 
underlying it. 

About UfPord and Helpstone Heath there are many pits in the lower beds 
of the Lincolnshire Oolite, and nowhere, perhaps, can its rdations to the 
underlying sands of the Lower Estuarine Series be better studied. (Vide 
woodcttts» Figs. 8 and 9, pp. 104, 105.) 

About WaDsford we find many interesting exposures of the 
Lincolnshire Oolite, and from this point eastward we can clearly 
trace the gradual thinnine-out and final disappearance of the for- 
mation in the vicinity of Water Newton and Castor. 

South of the villa«:e of Wansford the extensive pits near Wansford Mill 
afford us a good section of the great limestone series, presenting its ordinary 
characters. 

In the " Wood-pit " at Stibbington the upper surfeM^e of the oolitic lime- 
stone is seen to be very irregular; but this is, in part at least, due to the per- 
colation of water with carbonic acid which has dissolved the upper portions 
of the surface of the limestone, and thus let down the supeijacent clays, &c. 
into the holes and pockets (" pipes ") thus formed. 

llie following fossils were collected in this neighbourhood by the late Dr. 
Porter, of Peterborough, principally from the " Wood-pit" at Stibbington :— 

Acteonina glabra, Phil,, sp. 

Pleurotomaria, sp. 

Monodonta laevigata. Sow,, sp. 

PateUa rugosa. Sow. 

PhasianelLa, sp. 

Trochus Gomondii, Mor. 4* Lyc» 

spiratus, d'Arch. 

Turbo Phillipsii, Mor. 4* Lye, 

geramatus, Lye. 

^,sp. 

Cerithium Beani, Phil. 

cingenda, Phil. 

Nerinsea Voltu, Desh. 

, 8p. . 

Modiola imbricata. Sow, 
Mytilus lunularis, Lye. 
82108. Hf 
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Area Prattii, Mor, 4* Lye. 

Trigonia formosa. Lye, 

Lucina d'Orbignyana, Lye, Sf Mor, 

Astarte elegans. Sow, 

— minima, Phil, 

» 8p. 

Opis lunmatus. Sow. 

similifi, lAfe. Sf Mor, 

Grypheea, sp. 

Ostrea Marshii, Soto, (flabelloides. Lam,), 

Sowerby, Lye, Sf Mor, 

, sp. 

Pecten lens. Sow. 

- vagans. Sow, 
Avicula, sp. 
Gervillia acuta, Phil, 
Pteroperaa oostatula' (?), Desh, 

plana, Mor, Sf Lye, 

Lima bellnla. Lye, ^ Mor, 

duplicata. Sow, 

Terebratula maxiUata, Sow, 
perovalis. Sow. 

,8P. 

Rhynchonella spinosa, Sehloth. 

^,8p. 

Serpula plicatilis, Qoldf, 

Vermicularia nodus, Phil. 

Acrosalenia hemicidaroides, Wr, 

spinosa. Ay, 

, sp. 

HolectypUB depressus, Leske. 

Pentacnnus Miilleri, Aust, 

Pseudodiadema depressa, Ag, 

Otopteris graphica, {Bean, MS.) Leekenby. 
Under the sandy, whitish and bluish clays, with irregular plant-beds, we 
find in this pit the "junction-band," a layer of nodules of more or less 
compact or earthy brown ironstone. This is underlaid in many places by a 
bed of white marl, the product of the decomposition of the beds of limestone, 
and containing apparently waterwom fragments of compact limestone rock, 
the beds below being very oolitic. 

Near the Sibson railway-tunnel there are several very interesting sections 
exposed in old stone-pits. In the cutting at the west end of the tunnel itself 
we can trace a most interesting section, exhibiting both the top of the 
attenuated Lincobishire Oolite with the overlying beds of the Great Oolite, 
and also the sandy beds forming the base of the former formation. The top 
of the oolitic limestone, and its junction with the Upper Estuarine Series, pre- 
sents us with similar appearances to those which are afforded by the " Wood- 
pit." 

The beds of the Lincolnshire Oolite are again well exposed at the opposite 
or eastern end of the Sibson tunnel. 

In Water-Newton brickyard we find, beneath the sands and clays of the 
Upper Estuarine Series, 4 feet of beautifully fine-grained ooUtic limestone, 
witn the "junction-bed " of nodular ironstone lying on the top of it. Below 
the limestone bed, which forms two courses, we find other stratified days and 
sands, with a plant bed about 6 inches thick in the higher part of the series. 
At this place it is evident that we have the insignificant representative of the 
Lincolnshire Oolite separating the two estuarine series, oelonging to tiie 
Great and Inferior Oolite respectively. 

On the opposite side of the river, near Castor, traces of the Lincolnshire 
Oolite were found ; but the country here is ereatiy obscured by sreat masses 
of valley gravel. Further east, as innumerable sections show, the Lincoln- 
shire Oolite is altogether absent, and the Upper Estuarine Series rests directly 
on the Northampton Sand. 
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North of Stamford the rivers Glen and Gwash with a number of 
tributary brooks, have lemoved over considerable tracts portions 
of the beds of the Great Oolite Series, imd thus exposed tne beds 
of the Lincolnshire Oolite. This district is characterised by the 
broad flat plateaux constituted by the beds of the great calcareous 
formation of the district, and everywhere giving rise to a red soil, 
upon which stand numerous outliers, exhibiting that peculiar 
tabular outline which the geological student soon learns to associate 
with the rapidly alternating beds of limestone and clay so abun- 
dant in the Oolitic Series. These characteristic features of the 
scenery of the district are well illustrated in several of the plates. 
It was in this district that Professor Morris, taking advantage 
of the fine sections afforded by the construction of the main line 
of the Great Northern Railway, carefully studied and described in 
the year 1853 the interesting succession of Etrata in this area, and 
thus called the attention of geologists to the remarkable differences 
which exist between the sections of the Lower Oolites in the Mid- 
land district, and those of the Cotteswold and Yorkshire areas 
respectively. 

By far the best sections in the area just referred to, namely, that 
lying eastward of the main line of outcrop of the Lincolnshire 
Uolite, and in the tracts around the scattered outliers of the Great 
Oolite, are those afforded by the cuttings on the main line of the 
Great Northern Railway, and in the branch line between Essen- 
dine and Stamford. 

In the cuttings between Stamford and Essendine, to the northwards of the 
latter place, and at Carlby, Aunbv, Careby, Little Bytham, and Creeton^ very 
beautind illustrations are afforded of the characters presented by the beds of 
the Lincolnshire Oolite and of their relations to tne overlying beds of the 
Great Oolite series. These features have been sufficiently described in the 
country to the southwards, and as these sections are but a repetition of many 
abready |(iven in this Memoir it will not be necessary to notice them in detail, 
more especiaUy when it is remembered that all their more interesting features 
were pointed out by Professor Morris so long slso as 1853, when the fresh 
state of the cuttings offered facilities for their study which do not now exist. 
Mr. Sharp has also added some interesting notes upon the same district in his 
recently published memoir. 

The following account of such of the fine sections along the main line of the 
Great Northern Railway as present exposures of the beds of the Lincolnshire 
Oolite is extracted from Professor Morris' valuable paper (Quart. Joum. Geol. 
Soc. vol. ix (1853), pp. 328-330). 

** The Counthorpe cutting is a continuation of the same series of beds, but 
increased in thickness and varying in character, in descending order : — 

ft. 
Mottled dajT with bands of Oysters - - - - 3 

Dark bituminous clay - - - - - 1 

Compact, sandy, and occasionally soft shelly rock, with verti- 
cal remains of plants ; the shells are not numerous, com- 
prising the genera Natica, Modiola, Triponia 
Stratified dark green and brown shelly clays - - - 3 

Stratified dark clays with layers of shells, not broken, and 4 
indicating the beds to have been deposited under quiet 
conditions ; the shells are Avicula, Cytherea, Pecten, Lima, 
Ostrea, Terebratula, Lingula, and probably Cyrena 
Mottled and dark clays - - - - - 4 

Bituminous band - - - - - - 6 

Stiff brown and greyish clays ; no shells ; nimierous vertical 0^ 
plant-markings - - - - - - 7 

M 2 
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ft. 
White and yellow clays - - - - - 3 

Ferruginous band - - - - - - 1 

Oolite, fine-grained and pinkish, the blocks occasionally 
with blue centres'*' ; some of the beds coarser, and con- 
taining small shells, as Cerithium and Neriwea, from - 12 to 13 
*' Two smidl sections of the oolite occur between this and Creeton cutting, 
which latter exhibits the following descending series : — 

Irregular laminated grey and green sands and clays, with layers 
full of shells in parts - - - - - 6 

Soft sandy rock full of shells, as Modiola, Ostrea, Pecten - li 
Bituminous and dark green clays^ with occasional shelly 
layers - - - - - - -6 

Greyish clays, in some parts finely bituminous (6 inches)^ at 
base - - - - - - - H 

Greenish sandy rock with vertical plant-markings - - li 

Various coloured clays, green, grey, brown, without shells - 10 
Ferruginous band - - - - - - 1 

Oohtic rock, thick-bedded and horizontal, with occasional 
false-bedding at the upper pait; inclination of oblique 
laminae 30° N. 
" The Little Bytham cutting presents a similar section, the beds varying some- 
what in character (i.e. less fossiliferous) and thickness, especially towards the 
upper part ; the sandv rock with Modiola is wanting, but the clays are full 
of small Ovsters and much thicker; the total thickness of clavs is about 
30 feet overlying the oolitef ; the latter was quarried to some depth below the 
level of the line and presented the following : — 



Pinkish oolitic rock, obliquely laminated (45^, the thicker 
layers being separated by seams of clay with crystallised 
gypsum 

Oolitic rock 



ft. 



Compact oolite with fragments of shells 

Compact marly rock with NerituBa and Lucina 

Compact oolite rock, about ... 
There is one point in connexion with this district which it may 
be necessary to call attention to here. The long series of deep 
cuttings along these railway lines enable us to perceive that the 
whole of the strata are bent into very slight synclinal and anticliDal 
folds, which do not however interfere with the general south- 
easterly dip of the beds of the district. Although the want of 
continuous sections in other parts of the area does not enable us 
to recognise so clearly this phenomenon of the incipient folding of 
the strata, yet I am convinced, from the manner in which outliers 
and inliers of the various strata make their appearance over the 
whole district, that the features so clearly traceable iu the tract just 
described are by no means confined to it, but are equdly present 
in the whole of the Jurassic formations of the Midland counties. 



«( • From some recent experiments it would appear that the blue colour of the oolite 
may be due to the presence of sulphuret of iron ; see a paper by M. tibelman, Bull. 
G^l Soc. France, 2 ser. torn, iz., p. 221. 

f The clays which here cover the oolite (and the observation applies to the irhole 
district) have materially tended to its preservation as a solid rock, in preventing tbe 
ordinary effects of atmospheric action, which, when the surface is not so coTerMl. 
causes it to split up into shivers and renders the upper part comparatively useless u 
a building material. This observation may be useful to those who have occanon to 
search for or avail themselves of the bnildiDg-stone of the district.'* 
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Mr. Hull arrived at precisely similar conclusions concerning the 
slight or incipient folding of the Jurassic rocks during his survey 
of the Cotteswold Hills.* 

Outliers of the Lincobishire Oolite, 

To the west of the main line of outcrop of the formation there 
occur a number of outliers of the calcareous rocks of the Inferior 
Oolite, capping the beds of the Northampton Sand and Upper Lias 
Clay. The outliers of the limestone beds of the Inferior Oolite 
are not so numerous as those of the ferruginous and sandy beds 
which lie below them^ for it is evident that in many cases the relics 
of the former have been removed by denudation, while those of the 
latter remain. The escape from destruction by denudation of 
many of the outlying patches of Inferior Oolite strata in the district 
can, in many cases, be traced to the influence of faults or synclinal 
flexures in letting down the portions of the strata below the level of 
the main masses around them. 

At Stoke- Albany we find a portion of the Lincolnshire Oolite, which we have 
represented on the map as doubtfully connected with the masses forming the 
main outcrop of the beds on the great escarpment. As, however, the relations 
of this mass of strata are here obscured by the Boulder-Clay, it is possible 
that it is in reality an outlier. 

In the interesting outlier of Inferior Oolite strata at Neville-Holt, the North- 
ampton Sand already described (pp. 106-107) is capped by beds of the Lincoln- 
shire Oolite, the whole of the strata evidently owing theur preservation to the 
fault indicated upon the map. The base of the limestone series here is 
evidently formed by sandy limestones, sometimes exhibiting a fissile character. 
There is no pit in these beds now open, but they can be tra^d in the allotment 
grounds on the western side of the hiU. There can be no doubt that the^e 
beds really represent the Collyweston Slate. Several pits are seen on the top 
of Neville-Holt Hill, exhibiting the oolitic limestone with its usual characters. 
The stone is for the most part of the compact and marly varieties (coralline 
facies), and at one point, where it is quarried for building purposes, it contains 
numerous specimens of Brachiopoda. I obtained here — 

Terebratula submaxillata, iff or. (of all ages). 

perovalis. Sow, (adults only). 

Pteroperna costatula ? Mor, and Lye. 

Between Lvddington and Seaton the eminence known as " the Barrows " 
is capped by beds of limestone, evidently belonging to the Lincolnshire Oolite, 
and which yielded — 

Ceromya Bajociana, d^Orb. 

Ostrea flabelloides. Lam, (O. Marshii, Sow,) var. 

Avicula, sp. 

Pecten lens. Sow, 

The beds were exposed in a drain-cutting, but the masses of drift which 
overUp them renders it impossible to define on the map the exact limits of 
this little outlier. 

Above the village of Seaton there is an outlier of the Lincolnshire Oolite of 
very considerable size. Here the beds are well exlribited in a number of large 
(marries. Near Seaton Church there is a pit exhibiting the basement beds of 
tne formation, consisting of slaty or flaggy calcareous and micaceous sandstone, 
the e(|[uivalent of the CSUyweston slate. A little farther to the north we find 
pits in which the ordinary beds of the Lincolnshire Oolite are dug to the 
depth of 10 feet without reaching the slaty beds at their base. 

At Bisbrook there is a very small outlier of the bottom or slaty beds of the 
Lincolnshire Oolite. The rock can be traced near the church, and was formerly 
dug for road-metal, but it is said to have constituted only a band of a few 

♦ Quart. Joum. Geol. Soc, vol. xi (1855), p. 483. 
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inches in thickness, with sands above and below it. This band seems to have 
been entirely worked out, and now only small quantities of the slaty rock are 
collected from the surfaces of the fields for the purpose of mending the roads. 
A little to the west of the village the Lincolnsnire Limestone with the slaty 
beds at its base was exposed in a number of holes opened in different parts of 
the fields, but which are now all closed. The slaty beds at the base of the 
series were found to rest directly upon white, calcareous sands, and these on the 
light-blue, sandy clays of the Lower Estuarine Series. 

From the rock forming the small outlier at Bisbrook I collected the following 
species of fossils : — 

Gervillia acuta. Sow. ' 1 

Pinna cuneata, Phil. > very abundant. 

Numerous small bivalves. J 

Trigonia compta? Lye. 

Pecten paradoxus. Gold/. 

Mytilus Sowerbyanus, d^Orb. 

Homomya crassiuscula. Lye, and Mor. 

CcTomya B^jociana, d'Orb. 

Cardium cognatum, Phil. 

CucuUaea cucuUata, Chldf. 

The lower slaty rock here splits up into thin plates after being weathered ; 
it shows the peculiar siliceous mammillatious appearances with " potlids," &c., 
and has below it the white sands with siliceous concretions. Thus it will be seen 
that alike, in its characters and relations, this rock presents a perfect identity 
with the Coll^eston slate. Some of the slabs of the flaggy rock at Bisbrook 
are covered with fucoid P markings and tracks of various lunds. Other slabs 
of the stone exhibit great numbers of specimens of Gervillia acuta. Sow. 

Further north we find two other outliers of the Lincolnshire OoUte, one of 
considerable size, on the northern edge of which the village of Pilton is built, 
and a much smaller one to the westward on which a part of the village of 
Win(? stands. 

To the west of Pilton there are pits opened in the limestone strata, exhibiting 
in their upper parts soft, white, oolitic hmestone which is used for lime-burning. 
Below this we find hard, slaty, arenaceous limestone, the evident equivalent of 
the Cqllyweston slate, containing many of the usual fossils of that rock, 
which is used for building purposes and road-metal. 

Between Pilton and Morcott there are other limekilns, the pits in connexion 
with which are opened in the white oolitic beds, the slaty beds at the base not 
being reached here. At this place I found the largest specimen of Ceromya 
Bajociana, d'Orb., which has ever come under my notice ; it was 6^ inches in 
length and 4i inches in breadth. Among other fossils, were obtained here 
the following characteristic forms : — 

Pvffaster semisulcatus, Phil, sp., abundant. 

Gateropygus agariciformis, Forbes, sp., abundant. 

Ceromya Bajociana, d'Orb., very abundant. 

Natica Lecknamptonensis, Lye. 

Pinna cuneata, Phil. 

Mytilus Sowerbyanus, d'Orb. 

Lima, spec. nov. 
On the small outlier at Wing there are traces of old stone-pits, but none 
have been opened for the last 30 vears. One place retains the name of ** Stone- 
pit-field garden." The stone dug here is said to have been veiy hard and 
white, and admirably adapted for mending the roads, for which purpose it was 
quarried. The pits appear to have been quite exhausted of all the good stone 
before they were abandoned ; but from fragments lying about, and from the 
materials employed in the walls and buildings in the village, I inferred that 
the stone dug was, in part at least, the hard and fissile siliceous limestone at 
the base of the series, the equivalent of the CoUyweston slate. 

At Lyndon Park another small outlier of the Lincolnshire Oolite evidenthr 
owes its preservation to the agency of the great fault which bounds it on ii^ 
western side. Here a number of old stone-pits enable us to determine that 
the rock exposed consisted of the lower hard flaggy-beds at the base of the 
limestone series. 
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To the action of similar faults must be referred the presenration of the out- 
liers at Manton and Martinstborpe. At the former place, in a pit near the 
mill occupjin^ one of the highest points in the district, the white limestone was 
formerly dug under Boulder Clay and was found to rest on beds of white sand. 
Other old stone-pits occur behind Manton Lodge, but the Boulder Clay which 
overlaps the whole of this high ffround renders the exact limits of this outlier 
very obscure. To the west of the village of Lyndon a pit shows what may be 
regarded as a spur stretching from this outUer of the Lincolnshire Oolite, 
while another spur evidently extended to the high ground above Manton 
Tunnel. 

The evidence of the existence of an outlier of the formation at Martinstborpe 
is found in two small pits near the church ; but the boundaries assigned to 
this outlier upon the map are purely comectural. 

The oudier between Uambleton and Normanton, near Armley Wood, could 
be accurately studied at the time when the survey of the district was made, 
in consequence of the opening of a large number of field-drains upon the hijl 
which it caps. Bv the aid of these it became clearly apparent that a small 
fault has here let down the Lincolnshire Limestone against the Northampton 
Sand, as is shown on the map, and thus led to the preservation of the small 
patch of the former. 

The most northemly of the outliers of the Lincolnshire Oolite in this district, 
that above Market Overton, is a small patch of the 'calcareous strata, separated 
by denudation from the great mass of the formation which appears a little to 
the eastwards. Several quarries have been opened in this outlying mass of 
limestone strata which exnibits considerable signs of disturbance. 

Building Stones, §•<?• of the Lincolnshire Oolite, 

At many points within the limits of Sheet 64 the limestones of 
the Inferior Oolite are dug for lime-burning, the compact marly 
or sub-crystalline varieties being most highly esteemed for this 
purpose. The lime procured from this source is largely employed 
both for agricultural and building purposes. 

Where the ironstone of the Northampton Sand is smelted upon 
the spot, the limestone of the superjacent Lincolnshire Oolite 
affords a valuable flux for use in the blast furnaces. It is thus 
employed at Glendon and Holt 

The fine sand which alternates with the limestones at the base 
of the series, are, like the similar material at the top of the North- 
ampton Sand below it, dug for making mortar. The sand-pits from 
which such material is obtained are distinguished in the district as 
" mortar-pits." 

But it IS for its building stones and fissile rock capable of being 
employed as roofing material that the Lincolnshire Oolite principally 
calls for the notice of the economic geologist. 

By far the greater part of the quarries in the district meet only 
a local demand for building materials ; from a few, however, the 
stone is sent to a very considerable distance, while about Ancaster, 
in the district to the northwards, very large quantities of material 
are raised in extensive quarries employing a large number of 
men, and sent to all parts of the country. The most important 
quarries, which have more than a local interest, within the limits of 
Sheet 64 are those of Ketton, Barnack, Little Casterton, Stamford, 
Weldon, and Clipsham. 

In the year 1889 a valuable report was presented to Parliament 
as " the Result of an Inquiry, undertaken under the authority of 
the Lords Commissioners of Her Majesty's Treasury, by Charles 
Barry, Esquire, H. T. De la Beche, Esquire, F.R.S. and F.G.S., 
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William Smith, Esquire, D.C.L. and F.G.S., and Mr. Charles H 
Smith, with reference to the selection of stone for building the 
new Houses of Parliament" In this interesting work we find a 
number of notices of some of the building stones quarried within 
the limits of Sheet 64. 

In the introduction to this report it is stated that ^'raany build- 
ings constructed of a material similar to the Oolite of Ancaster, 
»uch as Newark and Grantham churches and other edifices in 
various parts of Lincolnshire, have scarcely yielded to the effects of 
atmospheric influences." And again '^the churches of Stamford, 
Ketton, CoUeyweston, Kettering, and other places in that part 
of the country attest the durabiUty of the Shelly Oolite termed 
Bamack Rag, with the exception of those portions of some of them 
for whidb the stone has been ill selected." As fiirther evidence of 
the value of the building-stones obtained from the beds of the 
Lincolnshire Oolite we may call attention to the especially favour- 
able notice of the Ketton Oolite in this report. 

The following are the accounts given of the stone of some of the 
principal quarries in the Lincolnshire Limestone within the limits 
of Sheet 64:— 

Bamaci MilL — The rock is described as a Shelly Oolite of a 
light whitish-brown colour, consisting of carbonate of lime, compact 
and oolitic, with shells, often in fragments, the rock being coarsely 
laminated in the planes of the beds. The thickness of freestone is 
said to be 4 feet, and of common wall-stone 6 feet, and the size 
of the blocks procurable to reach 80 feet The quarry is said to 
have been opened four years since (1835) and to be a continuation 
of the old quarries in the vicinity, which are verv extensive. The 
stone from this quarry is reported as being used for troughs and 
cisterns which are perfectly impervious. 

Among the buiidiDgs in which the stone of Bamack is known 
or reported to have been employed the following are enumerated : 
Burleigh House, Peterborough Cathedral, Croyland Abbey, Boston, 
Spalding, Holbeach, and Moulton churches, and the greater pro- 
portion of the churches in Lincolnshire and Cambridge. 

Kettovu — The stone is stated to be an oolite of a dark cream 
colour, consisting of oolitic grains of a moderate size slightly 
cemented by carbonate of lime. The workable bed of stone is said 
to be 4 feet thick and to form sometimes one and at other times 
two courses, and the size of the blocks that can be procured is said 
to reach 100 feet The following general remarks are added on 
the Ketton quarries. " The Rag Beds " (lying above the Freestone) 
" are of a white tint and the grains are cemented with highly 
crystallized carbonate of lime ; the Crash" (above the Rag) **is of 
. a dark brown colour, very coarse, full of shells, distinct ova, and 
very ferruginous. The ova in the freestone beds are slightly 
attached or cemented together, consequently the stone is very 
absorbent Ketton Rag weighs 155 lbs. 10 oz. per cubic foot^' 
(The weight of the Ketton Freestone is given as only 128 lbs. 5 ot. 
per cubic foot) 

''This and the neighbouring quarries, many of which are out of 
work, are of great antiquity. Joints 2 to 7 feet apart. Beds dip 
slightly." 
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Of the localities in which the Ketton stone is known or reported 
to have been employed the following are mentioned : " Cambridge, 
Bedford, Bury Saint Edmunds, Stamford, London, &c. ; many of the 
ancient and modem buildings at Cambridge, also in the modern works 
at Peterborough and Ely Cathedrals ; also St Dunstan's Church, 
Fleet Street, London." 

As illustrating the general chemical composition of the lime- 
stones of the Lmcolnshire Oolite, we may quote the following 
analyses by Daniel and Wheatstone from the same report : — 





Oolite of 
Ancaster. 


Oolite 
Ketton. 


Silica 


- 0-0 


0-0 


Carbonate of lime 


- 9S-59 


92-17 


Carbonate of magnesia 


. 2-90 


4-10 


Iron, Alumina 


. 0-80 


0-90 


Water and loss 


- 2-71 


2-83 


Bitumen 


A trace 


A trace. 



The " crushing weight " for Ketton Rag is stated in this report 
to be higher than that of any other stone reported upon. For a 
two inch cube the "crushing weight" required was 821 cwt, and 
the especial remark is made that ^* among Oolites the Ketton Rag 
is greatly distinguished from all the rest by its great cohesive 
strength and its nigh specific gravity." For similar cubes of the 
Ketton, Ancaster, and Barnack freestones the crushing weights 
were 91, 83, and 65 cwt. respectively. 

The following table, extracted from the report, illustrates the 
density and absorbent powers of several varieties of the Umestone 
of the Lincolnshire Odite : — 



Specific gravity 
of the dry 
specimens. 



Specific gravity 

of the solid 

particles. 



Balk of water 

absorbed; total 

balk considered 

as unity. 



Ancaster 
Barnack 

Ketton Freestone 
Ketton Bag 
Haydor 



2-182 
2-090 
2*045 
2-490 
2-040 



2-687 
2-623 
2-706 
2*692 
2-691 



0-180 
0-204 
0*244 
0-075 
0-241 



In those beds of the Lincolnshire Oolite in which the rock is 
made up either of shell-detritus or distinct oolitic grains, or of a 
mixture of these, with only a slight cementing matrix of carbonate 
of lime, we have useful freestones. Where, on the other hand, the 
materials of the shelly or oolitic varieties of the rock are cemented 
by crystallized carbonate of lime, or where the rock itself is 
compact or sub-crystalline (as in the "coralline facies" of the 
formation) the material can no longer be dressed for ashlar work, 
but often constitutes a very valuable " ragstone." 

Specimens of the building stones obtained from the most im- 
portant Quarries in the Lincolnshire Oolite are exhibited upon the 
Eound noor of the Museum of Practical Geology, Jermyn Street, 
3ndou. 
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As next in importance to the building stones of the LincohiBhire 
Oolite we must notice the fissile rock (Collyweston slate) which, 
as we have already seen, is procured from the lowest beds of the 
formation and has been largely employed as a roofing materiaL 

We have already noticed how the quarrying of this material has 
declined of late years owing to the comparatively greater lightness, 
cheapness, durability, and convenience of Welsh slates, now ren- 
dered, by the improved railway communication of the district, 
everywhere available. 

The beauty of the Collyweston slate and the manner in which 
its colour harmonizes with that of the stone employed in the walls 
of many ecclesiastical edifices, prevents the total abandonment of 
the industry, and many Gothic architects, and notably Sir Gilbert 
Scott among others, continue to employ the material in the con- 
struction of modem churches. Hence a number of quarries, all in 
the parish of Collyweston, still remain open. At the period of the 
Geological Survey of the district, as mready mentioned, a little 
pit was still open between Dene and Rockingham, from which small 
quantities of slate were raised for local purposes. 

The Collyweston Slates have been dug over a considerable area 
in Sheet 64, old pits being traceable from Wothorp near Stamford 
to the western side of Collyweston, a distance of more than three 
miles. At the first of these places they are said, by tradition, to 
have been met with much nearer the surface than in the present 
workings, and this statement is confirmed by the geological relations 
of the beds in this neighbourhood. The valuable fissile character 
of the beds is merely a local accident; and in some directions the 
bed of stone has been followed and found to become non-fissile and 
in consequence worthless for roofing purposes. There is only a 
single bed of stone (the lowest limestone of the series) which is 
used for making roofing slates. This varies greatly in thickness, 
being often not more than 6 inches thick, but sometimes swelling 
out to 18 inches, and in rare cases to S feet ; while, not unfre- 
quently, the bed is altogether absent and its place represented 
by sand. Rounded mam mi Hated surfaces, like the "pot- lids" of 
Stonesfield, abound in these beds. 

The slates are worked either in open quarries or by drifts 
(locally called "fox -holes") carried for a sreat distance under 
ground, in which the men work by the light of candles. The upper 
beds of rock are removed by means of blasting, but the slate rock 
itself cannot be thus worked,' for though the blocks of slate rock 
when so removed appear to be quite uninjured, yet, when weathered, 
they are found to be completely shivered and consequently rapidly 
fall into fragments. The slate rock is therefore entirely quarried by 
means of w^ges and picks, which, on account of the confined spaces 
in which they have to be used, are made single sided. The'quarrying 
of the rock is facilitated by the very marked jointing of the beds, 
a set of master-joints traversing the rocks with a strike 40° W. 
of N. (magnetic), while another set of joints, less pronounced, 
intersect the beds nearly at right angles. 

During the spring of the year the water in the pits rises so 
rapidly that it is impossible to get the slates out 

The slates are usually dug during about six or eight weeks in 
December and January. The blocks of stone are laid out on the 
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grass, preferably in a horizontal position. It is necessary that the 
water of the quarry shall not evaporate before the blocks are 
frosted, and they are constantly kept watered, if necessary, until as 
late as March. The weather most favourable to the production 
of the slates is a rapid succession of sharp frosts and thaws. If the 
blocks are once allowed to become dry they lose their fissile quali- 
desy and are said to be ^' stocked." Such blocks are broken up for 
road-metaI| for which they afford a very good material. The lime- 
stone beds above the slate rock are burnt for lime. 

The slates are cleaved at any time after they are frosted. Three 
kinds of tools are used by the CoUyweston slaters. The *' diving 
hammer," a heavy hammer with broad chisel-edge for splitting up 
the frosted blocks. The *' batting hammer" or ** dressing- 
hammer/' a lighter tool for trimming the surfaces of the slates and 
chipping them to the required form and size. The ^* bill and 
helve," the former consisting of an old file sharpened and in- 
serted into the latter in a very primitive manner. This tool is used 
for making the holes in the slates for the passage of the wooden 
pegs, by means of which the slates are fastened to the rafters of the 
roof. These holes are made by resting the slate on the batting 
hammer and cutting the hole with the bill. 

The slates are sold by the '^ thousand," which is a stack usually 
contsdninff about 700 slates of various sizes, the larger ones being 
usually placed on the outside of the stack. The slates when sold 
on the spot fetch from 2Ss. to 45^. per thousand. Many of the 
CoUyweston slaters accept contracts for slating, and go to various 
parts of England for the purpose of executing their contracts. 

The land at CoUyweston is generally held by slaters by copyhold, 
the slaters paying 65. Sd. per *' pit " to the lord of the manor (a 
*' pit " is 1 6 square yards) with an extra charge of 1^. 6rf. per pit to the 
measurer. A few workings are rented of the lord of the manor, 
die slaters paying 30$. per pit with an additional 1^. 6d. for the 
Th ' 



measurer. These parents are made every year at the annual 
''slaters' feast" held m January. 

The manner in which the slates are placed on the roof is as 
follows : — ^The largest are laid on nearest the wall plate, and the size 
of the slates is made gradually to cGminish in approaching the ridge. 
The ridge itself is covered by tiles of a yellowish white tint, made 
at Whittlesea, and harmonising well in colour with the slates them- 
selves. The larger slates are, in the ordinary way, fixed to the 
rafters of the roof by means of wooden pegs driven through a hole 
in the upper part of each slate. But roofs are often covered with 
small slates which are fixed by mortar. 

On the ground floor of the Museum of Practical Geology at 
Jermyn Street, London, specimens of the *' slates " made at CoUy- 
weston, and of the various tools employed by the workmen are exhi- 
bited. 

Oriffin of the Oolitic Structure of the Bocks. 

Believing that the time is not yet come for a full discussion of 
this interesting question, I shall not in this place attempt to do 
more than to call attention to the facts which, in the district de- 
scribed in this Memoir, appear to throw some light upon the subject. 
Some valuable remarks upon the subject will 1^ found in the late 
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Professor Phillips' *' Geology of Oxford and the Valley of the 
Thames," pp. 394-397. 

The oolitic structure as is well known is not confined to rocks of 
any particular age. It is found alike in certain of the beds of the 
Silurian, the Carboniferous, and the Permian formations, as well as in 
Tertiary, and even more recent deposits. In England, however, it 
is so commonly found in limestones of Jurassic age that the struc- 
ture has come to be regarded as almost characteristic of the rocks 
of that period. Within the Umits of Sheet 64 the oolitic structure 
is scarcely in a single instance exhibited by any limestone of the 
Great Oolite period, but it is so constantly presented, in more or less 
marked degree, by the beds of the Inferior Oolite, that, within the 
area specified, the structure may be regarded as characteristic of 
the rocks of the latter age. 

In many cases, as is well illustrated by Professor PhilKps and 
other writers on the subject, the concentric coats of which the 
ooUtic grains are made up are seen to be wrapped round some 
object embedded in the limestone, as a Foraminifer, or a fragment 
of the test of a mollusc or echinoderm, or a grain of sand. But 
there are many cases in which the closest microscopical examination 
fails to detect oxiy distinct object, either organic or inorganic, in the 
centre of the grams of the oolite. 

The size of the oolitic grains varies very greatly in different 
examples and transitions are found to the coarsest pisolites. Many 
varieties in the size of the oolitic grains might be instanced from 
the beds of the Lincolnshire Limestone ; but the rocks of this 
formation only very rarely assumes the pisolitic character. The in- 
teresting features presented by it at Little By tham have been already 
noticed. 

Sometimes, as in the case of the Ketton Freestone, the rock is 
almost entirely made up of beautifully globular and uniform grains 
of oolitic structure. In many other cases we find a compact or 
sub-crvstalline matrix through which oolitic grains are more or less 
sparsely scattered. 

It was suggested by the late Sir Henry De la Beche that grains 
of sand or fragments of shells or other organisms might, when rolled 
in water containing much calcareous matter, receive successive 
coatings of carbonate of lime and thus build up a rock of oolitic 
structure ; and he adduced some interesting observations of his own 
made at Jamaica in favour of this suggestion. 

That such deposition of carbonate of lime around nuclei con- 
stituted by shells, &c. does sometimes take place, all geologists 
will admit. Indeed, we have some pretty examples of the action in 
the country described in the foregoing pages ; for we have seen that 
the small organisms constituting the mass of the shelly oolites of the 
Lincolnshire Limestone are thus often found encrusted. We may 
even go farther, and admit that this operation may proceed to sucli 
an extent as to produce a pisolitic or oolitic structure in the rock 
built up from such materials. 

But it is nevertheless clear, as was suggested by Professor Phil- 
lips, that, in the majority of instances, the oolitic structure has 
been developed in the rock subsequently to its deposition. In some 
cases oolitic grains are found formed in the midst of the sub- 
stance of shelb or other included calcareous organism in the rock ; 
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and the facts which we have adduced in Chapter VI., concerning 
the structure of ironstones in this and other districts, show that 
the oolitic structure is a phenomenon of too wide occurrence, and 
is exhibited in connexion with too great a variety of conditions of 
deposition in the rock masses in which it is displayed, to be capable 
of universal explanation in the way suggested oy De la Becho. 

That the chemical actions set up in the calcareous mass, saturated 
as it must be with percolating water, and exposed, by the accumula- 
tion of superincumbent strata, to elevated temperature and enormous 
pressure, may produce the oolitic structure in limestones, and similar 
forms in dolomitic and other rocks, we can scarcely doubt, when 
all the facts of the case are taken into account 

In connexion with this subject it may be well to recall attention 
to the fact that the various tints presented by the several lime- 
stones, clays, sandstones, and ironstones of the Jurassic series appear 
to be entirely due to the effects of weathering. When dug at 
great depths or otherwise obtained at points where they have not 
been exposed to atmospheric influences, all these rocks exhibit an 
almost uniform deep-blue tint, which is apparently communicated 
to them by a diffusion through their substance of small quantities 
of sulphide of iron. 
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CHAPTER VIII. 

THE GREAT OOLITE. 

The Great Oolite is, in this district^ represented by a series of 
beds of remarkably uniform character^ which occupy a very con- 
siderable area within it and give rise to some of its most distinctive 
features. The formation is made up of four members ; two of 
these consist mainly of calcareous materials, and were evidently 
accumulated under purely marine conditions, while, alternating 
with them, there occur deposits of argillaceous character, in whicn 
we seem to have proofs of a rapid succession of marine, brackish- 
water, fresh -water, and terrestrial conditions, such as could scarcely 
occur except within the delta of one or more great rivers. 

These four members of the Great Oolite Series are as follows, 
enumerating them in ascending order : — The ^^ Upper Estuarine 
Series," consisting of white and variegated clays, with shelly-bands, 
irregular beds of limestone, " beef" or " bacon " beds, lignite and 

?lant seams, and some sandy and ferruginous strata; the '-Qreiit 
blite Limestone,*' consisting of alternating beds of compact marly 
limestone and marl or clay, the whole crowded with marine fossils ; 
the " Great Oolite Clays," an argillaceous stratum* frequently 
variegated, with irregular, sandy, ferruginous, or shelly-bands 
interspersed through it ; and the " Combrash " or shelly limestone 
witli some subordinate argillaceous beds included in it. 

As explained in the Introductory Essay accompanjring this 
Memoir the formations in the south-west of England, of which 
these deposits appear to be the equivalents, are the following: — ^The 
Upper Estuarine Series is on the same geological horizon as the 
Stonesfield Slate ; the Great Oolite Limestones are merely a 
continuation of the ffreat calcareous formation which, under the 
name of the Upper Zone of the Great Oolite, is so familiar to all 
students of the geology of the south-western districts of End^and ; 
the Great Oolite Clays may be regarded as representing the Forest 
Marble and Bradford Clay, while the Combrash of the d^trict under 
description is clearly part of the same remarkably uniform and very 
distinct stratum, whicn, throughout nearly the whole of the Jurassic 
districts of England, maintains such constant and distinctive 
characters. 

Between the district under consideration and Oxfordshire, the 
members of the Great Oolite Series become more or less attenuated 
and changeable in character, the argillaceous members, however, 
suffering much more in this respect than the calcareous. North- 
wards, in North Lincolnshire, the Great Oolite Series again 
undergoes much diminution in thickness ; but in tliis case the 
calcareous beds are those which we find soonest affected. Firsts the 
Great Oolite Limestone becomes greatly attenuated, then reduced 
to one or two inconstant bands, and finally it disappears, allowing 
the Great Oolite Clays and the Upper Estuarine Series to come 
into direct apposition. Still farther north the Combrash loses its 
well marked characters, and, no longer presenting its characteristic 
fauna^ but being reduced to a few oyster beds, at last dies out 
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altogether. Finally, in South Yorkshire, all the members of the 
Great Oolite Series are found to be altoeether wanting, and the 
representative of the Oxfordian rests directly on that of the Inferior 
Oohte. In North Yorkshire the only representative of the Great 
Oolite Series appears to be the thin limestone bands with associated 
clays, known as the " Cornbrash of Scarborough/' which must not 
be confounded with the Cornbrash of the rest of England, with 
which it happens to present some points of mineralogical re- 
semblance. 

It is not'easv in every case to distinguish, at first sight, the several 
divisions of the Great Oolite Series ; the two calcareous and the 
two argillaceous members of the formation beine particularly liable 
to be confounded with one another. It may therefore be well, at 
the outset, to state the chief points by means of which the discrimi- 
nation of the limestones may be efiected. The argillaceous members 
can, of course, in all cases be recognised by their relations to the 
calcareous, when these have been correctly identified. 

In the first place it may be well to state that the limestones of 
the Great Oolite Series are, within the limits of Sheet 64, clearly 
distinguished from those of the Inferior Oolite Series in the same 
area (the Lincolnshire Oolite) by the almost total absence in them 
of the Oolitic character. Indeed, only at one or two points near 
Oimdle and Stanion have I found any examples of the Oolitic 
structure in the limestones of the Great Oolite age. The fossils of 
the Lincolnshire Oolite, too, are so distinct as a whole from those 
of the Great Oolite Series, that, although there are a number of 
species common to both formations, there is rarelv the slightest 
danger of the limestones of the two series being confounded. 

With the Cornbrash and the Great Oolite Limestone, however, 
the case is quite the reverse, and much care is sometimes required, 
in order to avoid being misled by the mineralogical resemblances 
and general identity in the fauna of these two sets of calcareous 
strata. 

As a general rule the Cornbrash limestone is distinguished by 
its finer grain, its reddish-brown colour, and its peculiar wall-like 
bedding as seen in weathered faces of rock ; while the Great 
Oolite limestone is coai*ser in grain, of a whitish colour, and 
weathers out in more solid blocks with broad faces. 

The soil formed by the Cornbrash has usually a reddish hue 
(like that to which the Lincolnshire Oolite gives rise), while that of 
the Great Oolite limestone has more commonly a black colour. 
These differences of physical character in the two limestones cannot, 
however, in every case be relied upon as certain tests ; for in some 
localities the Great Oolite limestone presents the brown colour, the 
mode of weathering, and the red soil usually characteristic of the 
Cornbrash ; while, on the other hand, the Cornbrash occasionally 
assumes the characters of the Great Oolite Limestone. 

It is to the fossils, then, that we must look for the principal 
assistance in discriminating these two limestones ; and, fortunately, 
there are certain species eminently characteristic of either of them. 
The chief of these we now proceed to notice. In both the 
Cornbrash and the Ghreat OoUte Limestone, beds made up of oysters 
are by no means uncommon ; but, while in the former the species 
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thus occurring in great aggregations is the massive, strongly plicated 
0. Marskii, Sow., m the latter we find, under like circumstances, the 
two minute and smooth species 0. Sawerbyi, Lye. and Mor., and 
0. subrugulosaf Lye. and Mor. Everywhere, indeed, in this area 
the easily recognised 0. Marshii may be regarded as characteristic 
of the Cornbrash, while the equally well marked 0. subrugulosa 
may be regarded as distinctive of the Great OoUte. In the Corn- 
brash, the Echinoderm Echinobrissus clunictdatiSf Llhwyd, is 
abundant, while the Clypeus Mulleri, Wright, is rare ; in the Great 
Oolite, however, the former is rare and the latter very abundant 
Again, in the Cornbrash Avictda echinata, Sow., GervUiaaTicuUndes., 
Sow., and Terebratula obtrntta. Sow., are very abundant, while in the 
Great Oolite they are rare; and Terebrattda maaHlata, Sow., Myn- 
chanellaconcinna, Sow., and Homomm ffibbosa, Sow., which are com- 
paratively rarely seen in the Cornbrash, occur in vast numbers in 
the Great Oolite. In the distribution of the Cephalopods we have 
another distinguishing feature in the two beds; for, while in the 
Great Oolite, Ammonites are almost wholly unknown and Nautili 
tolerably abundant, in the Cornbrash, shells of the latter group 
very seldom occur, while Ammonites macrocephalus, Schloth, and 
A, Herveyiy Sow. abound and A. discus. Sow. is also occasionally 
found. Bdemnites are excessively rare in both deposits. There are 
a number of species, however, such as Pholadomya deltoidea, Sow., 
MvacUes decurtatus, Phil., M. secvriformis, PhiL, Echitwbrissus orH- 
cularis, Phil., Holectypus depressus, Leske, &c which appear to be 
equally abundant in both of the limestones. As a general rule it 
may be stated that the Cornbrash presents a much greater number 
and variety of species than the Great Oolite. 

It must be clearly borne in mind, however, that the characters 
here enunciated as distinctive of the two limestones of the Great 
Oolite Series can only be regarded as such within the limits 
described in this Memou: ; for as we trace the beds over laiger areas 
we find them losing their typical character. Thus the Cornbrash 
near its northern limits and before its final disappearance, presents 
beds of small oysters (0. Sowerbyi, Mor. and Lye), like the Great. 
Oolite limestone farther to the south. 

These two series of limestones, each resting on a mass of clays, 
give rise to the formation, through denudation, of a number of 
outliers scattered over the plateau formed by the limestone of the 
Lincolnshire Oolite. The tabular and sometimes terraced forms 
presented by the hills composed of these Great Oolite strata are 
eminently characteristic of the scenery of the district we are 
describing, and forcibly recall the forms assumed in the Cotteswold 
area by the hills, formed by the hard rocks of the Lower Zone of 
the Great Oolite resting on the subjacent softer materials of the 

Fuller's Earth. ,.,.,., i /. i_ 

• We shall now proceed to describe m detail each of the members 

of the Great Oohte Series exhibited in Sheet 64. 

The Uppee Estuarine Series. 

This, the lowest division of the Great Oolite, consists of clays, 
occasionally veny sandy, of various colours, light-blue being the pre- 
valent one, but bright tints of green, purple, fecbemg not uncommon. 
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Interstratified with the clays are bands of sandy stone^ with vertical 
planUmarkings and layers of shells, sometimes marine, as Phota- 
domyOf Modma, OstreUf Necsra, &&, at other times fresh-water, 
as Ctfrena UniOy &c. Beds full of small calcareous concretions 
and bands of ^^beef " or fibrous carbonate of Ume also frequently 
occur, and the sections sometimes closely resemble those of the 
Purbeck series. In its lower part this series consists usually, but not 
always, of white clays passing into sands. At the base of these clays 
there is always found a thin band of nodular ironstone, seldom much 
more than one foot in thickness; this ^Sronstone jlmction-band " 
is everywhere conspicuous, and marks the limit between the Great 
and Inferior Oolite Series in the district. There is very decided 
evidence of a break, accompanied by slight unconformity, between 
these two series in the Midland area. All the characters presented 
by the beds of the Upper Estuarine Series point to the conclusion 
that they were accumulated under an alternation of marine and 
fresh- water conditions, such as takes place in the estuaries of rivers. 

These beds, which probably never exceed 80 feet in thickness 
and are often much less, were well exposed in the cuttings of the 
Great Northern Railway described by Prof. Morris in 1853. They 
are also exhibited at the top of some of the great quarries in the 
Lincolnshii-e Oolite, as at Ketton, Clipsham, and Casterton. The 
clays are admirably adapted for brick-making, for which pmrpose 
they are dug at Stamford, Great Oakley, Water Newton, Wood 
Newton, between Stanion and Brigstock, and between Pilton and 
Luffenham. In the lower part of the series at Little Bytham, 
clays are dug from which are made bricks of singular hardness and 
durability ; and at Wakerley, in the same position, a good fire-clay 
occurs^ which is used at Stamford for muffles, and also in the 
manufacture of terra-cotta. 

These beds form a cold, stiflf land, which, even when well drained, 
gives rise to a but very unkindly soiL Consequentijr, the tracts 
occupied by these beds are often left waste, and constitute some of 
the few heaths and commons in'this highly cultivated district ; among 
these may be instanced AiLsworth, Helpstone, and Luffenham 
Heaths. 

The clays of the Upper Estuarine Series do not cover any very 
extensive areas within the limits of Sheet 64. On the contrary, 
they usually constitute the short and somewhat steep slopes 
between the tabular masses formed by the limestones of the Great 
and Inferior OoUte respectivelv ; and in fact, their mode of occur- 
rence is very simUar to that ot the Fuller's Earth in the Cotteswold 
Hills. Where, however, these clajrs do cover any considerable area, 
they are almost always obscured by drift, while in the steep slopes 
between the two limestone series clear and valuable sections are 
often afforded to us. Lying, as they do, upon a great mass of lime- 
stones (the Lincohishire Oolite), the sandy clays of the Upper 
Estuarine Series are often found let down into " pipes," in conse- 
quence of the removal of the calcareous rock by subterranean waters, 
usualljr along Unes of jointing. Thus, patches of these strata are 
sometimes seen at considerable distances from their proper lines 
of outcrop ; but such " outliers," are of course, on too small a scale 
to be represented upon the map. 

8S10S. N 
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The outcrop of the Upper Estuarine Series in Sheet 64 may, in 
the southern part of the area, be followed along the eastern side 
of the band of calcareous rocks constituted by the Lincolnshire 
Oolite as already described, and which rises on its western side into 
the great escarpment. Along the eastern side of the valleys formed 
by the Harper, and Willow brooks an almost continuous outcrop 
may be traced in the ridge leading from the plateaux formed by 
the Great Oolite Limestone to those constituted by the Lincolnshire 
Oolite Limestone. And on the western side of the same valleys a 
number of outliers, usually capped by the limestones of the Great 
Oolite, exhibit the same beds ; these outliers being separated from 
one another by the denuding action of the numerous small tributary 
streams which flow into the two brooks we have mentioned. 

The valleys formed by the Nene and Welland, with the com* 
plicated ramifications formed by their numerous affluents, give 
rise to very frequent exposures of the beds of the Upper Estuarine 
Series ih the eastern and central parts of the area, as may be 
seen by a glance at the map. 

Lastly, the two branches of the river Glen exhibit, in the sides of 
their ramifying valleys, an equally complicated series of outcrops in 
the northern part of the district: and here also, numerous outlying 
patches of Great Oolite strata diversify the surface of the great 
plateau of Inferior Oolite Limestone lying to the westward. 

Commencing with the southern part of the great line of outcrop, we hare 
Beyeral exposures of the basement beds of the Great Oolite Senes in the 
neighbourhood of Geddington. These have, however, been sufficiently illus- 
trated by us in describing the characters and relations of the Lincolnshire 
Limestone in this locality. (See pp. 145-6.) 

In the pits about Pipwell Abbey, Pipwell Lodge, and between Pipwell and 
OaklejT, numerous indications and partial exposures of the beds of the Upper 
Estuarine Series were detected, some of which have been aJready refenrea to. 
In the abandoned stone-pit at Pipwell Lodge, the light-blue clays were exposed 
to a depth of 4 feet, and aopeared to contain plant remains tii sUu. 

At Great Oaklev the beas of the Upper Estuarine Series are dug for brick- 
making, but, at the time the district was surveyed, there was not, unfortu- 
nately, any clear exposure of the strata. The succession of beds here was as 
follows : — 

(1.) Alternations of fcetid limestone, with Ostrea and other marine shells, 
and bands of clay also full of oysters. (Great Oolite Limestone.) 

(2.) Light-blue, sandy clays, with thin bands of laminated, highly pyritons 
sandstone of a grey colour, exhibiting plant markings and shells of Cfrfna. 
These clays also contain carbonaceous and shelly bands. (Upper Estuarine 
Series.) 

The Inferior Oolite below is not reached here. 

By the form of the ground and some small exposures, the same beds can be 
traced in Great Oakley Park ; while at Little Oakley they suddenly appear at 
a much higher level, owing to the action of a fault. In the greaUv disturbed 
district between Little Oakley and Stanion, although there is no oifficulty in 
tracing its outcrop, we find no clear sections of the Upper Estuarine Series. 

In the brook a little to the east of Little Oakley, the white days at the base 
of the Upper Estuarine Series are seen resting on the beds of the shelly fades 
of the Inferior Oolite, the ironstone junction-band intervening. The upper 
5 feet of the Inferior Oolite is reduced to a disintegrated mass by weathenng; 
while the lower 7 or 8 feet consist of hard, shelly rag. The beds dip 3® to the 
south-east. 

At Little Oakley, 20 yards on the east side of the road from Geddington, 
Harper's Brook, which has been to a great extent flowing underground, 
reappears at the surface, the shelly Inferior Oolite being seen in the bed of the 
stream. This marks iiie junction of the Upper Estuarine Series with the 
Inferior Oolite. 
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At Little Oakley stone-pit the beds of the Inferior Oolite (shelly fades) dip 
ICP to 12° W.N.W. At the north-western part of the pit, 6 op 6 feet of the 
white clays, with the ferruginous junction-band of the Upper Estuarine Series 
are seen. The upper part of the stone is much disintegrated, and, where not 
covered with cl^, is worn into large " sand-pipes " which are filled by portions 
of the Upper Estuarine Series and the Boulder Clay. The higher beds of 
limestone consist of the soft shelly freestone, and the lower ones of the hard 
shelly ragstone, but great nodular masses of the latter exist in the midst of 
blocks of the former. 

At the excavations at the brickyard and limekUn at Brigstock Mill between 
Stanion and Brigstock ('* Lord Lyveden's pits ") we can trace out the fol- 
lowing interesting section. The beds here have evidently undergone oonside- 
nble disturbance, and the section is not equaUy clear in eveiy part. 

Soil. 

Oyster beds {A. Sowerbyi, Lye. and Mor, &c.) 
(3.) Blue day - / - 

(4.) Ferruginous band ..... 
(5.) White and mottled, sandy clay ... 

(6.) Sandy days, whitish above and greenish below, full of 
compressed shells {Modiola plicata. Sow. of all ages) - 
(70 Dark mottled clays full of carbonaceous markings and 
plant remains - - . . more than 

(8.) Whitish, mottled, sandy day .... 
(9.) Line of concentric, ferruginous nodules 
(10.) Irregularly bedded, sandy limestone ... 
(11.) Hard, marly limestone .... 

(Coralline fades of the Lincolnshire Oolite.) 
(12.) Sandy limestone passing downwards into calcareous 

sand - , 12 to 14 

(13.) Clay 

(14.) Ironstone rock (Northampton sand). 
The beds (12), (13), and (14) were seen in a well. If, as seems probable, (2) 
represents the bottom bed of the great Oolite Limestone, then the Upper 
Estuarine Series here is about 22 feet thick, and the Lincolnshire Limestone, 
at this point evidentlv approaching its line of eastemly attenuation and dis- 
appearance, not much more than 20 feet. The difference in characters pre- 
sented by the Lincolnshire Limestone at localities within short distances of 
one another, namely, in the great pits at Stanion and in that at Bri^tock Mill, 
has already been noticed. The section of the Upper Estuarine Series exposed 
at this point is one of the most complete and interesting in this part of the 
area. 

Between Dene-Thorpe, and Weldon there is an old pit, in which white 
and blue, clayey and sandy beds are seen, lying upon the shelly oolite of the 
Lincolnshire Limestone. These beds resemble tnose described in the last 
mentioned locality, but there is no clear section. 

About one-foum of a mile south of Dene-Thorpe, and at some height 
above the stream the light-blue days of the Upper Estuarine Series are again 
exposed. 

Above Dene and by the side of the road leading to Bulwick we find the 
limestones of the Great Oolite resting on a series of clays, which in their lower 
portion are of a whitish or light-blue colour. 

In the road-cutting immediatdy above Bulwick we can trace the following 
succession of beds. 

(1.) Marly limestone. 

(2.) Marl beds crowded with Rhynehonella concinna. Sow. sp., 

Ottrea, &c. 
(3.) Whitish days. 
(4.) Blue clays. 
(1) and (2) evidently constitute the base of the Great Oolite limestone, and 
(3) and (4) the top of the Upper Estuarine Series. At the bottom of the hill, 
beds of compact limestone (coralline fades of the Lincolnshire Oolite) appear 
clearly underlying the clays of the Upper Estuarine beds of the Great Oolite. 

N 2 
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In the road between Bulwick and Blatherwycke whitish and bluish clajs of 
the same age are again seen underlying the Great Oolite Limestones. 

In the spurs overlooking the valley at Fineshade and Duddington the clajs 
of the Upper Estuarine series give nse to a well marked feature in the contour 
of the ground, and, at a few points, sections of their peculiar and characteristic 
beds may be observed. 

At the limekiln near the comer of Collyweston and Homstock Woods there is 
an exposure, afPorded by a clay-pit, of strata which are of considerable interest. 
(Fig. 14.) 

Fiff, 14. Clay-pit at Lime-kiln, corner of Collyweston and Homstock Woods. 







a. Soil. 

b. Upper Estuarine Series Oower part). 
c, dy e. Ironstone and Marl (jonction-bed). 

f, Lincolnshire Oolite I^estone. 

The section seen here is as follows : — 



ft. in. 
2 



(1.) Soil 

(2.) Marly clays, white, light-blue, and mottled, somewhat 

laminated and " dicey "... about 4 6 
(3.) Nodular, ferruginous, sandy bed - - - 1 

(4.) White marl U 6 

(5.) Nodular, ferruginous, sandy bed - - - | 

(6.) Laminated, sandy beds, passing down into sandy, oolitic 
limestone at the bottom of the pit (Lincolnshire Lime- 
stone). 
There are several points of some interest in connexion with this sectioD. 
In the first place the " ironstone junction-band " at the base is double, this 
being however merely a local variation. And, secondly, the character ^ the 



THE GBEAT OOLITS. 193 

lower, white, BUidy, and avsillaceouB beds of the Upper Eetuarine Series is 
such, as to forcibly suggest that they may have originated m the denudation of 
limestone beds like those on which they repose ; we soluble calcareous consti- 
tuents having apparently been removed, and the remaining fine grained 
materials sorted in moving water. A similar origin has been assigned to other 
fire-clays of analogous character. The only trace of organism detected in 
these cUys consist of a few fragments of carbonaceous matmal. 

If we now turn our attention to the basin of the Nene, we find in 
the numerotis ramifying valleys connected with that river-basin^ a 
series of sections of the Upper Estuarine Series, along a line 
parallel to those of the outer escarpment which we have hitherto 
been describing. Here, however, the Lincolnshire Limestone is 
absent, at least in the southern part of the basin, having dis- 
appeared through its eastemly attenuation ; and thus we find the 
Upper Estuarine Series of the Great Oolite restine immediately 
upon the Lower Estuarine Series of the Inferior Oolite (North- 
ampton Sand) as is Ihe case in the whole of the country to the 
south-west, namely, in South Northamptonshire and North Oxford- 
shire. For fuller illustrations of the relations of these beds I must, 
however, refer to the Introductory Essay to this Memoir and to the 
sections (Plate II.). In this area it is not always easy to define 
accurately the limits of the Upper and Lower Estuarine Series. 

In the 'Hchmarsh cutting of the Northampton and Peterborough Railway 
the base of the Upper Estuarine Series, consisting of a mass of clays about 
5 or 6 feet thick, is seen resting directly upon the sandy, and here non-ferru- 
ginous beds of the Northampton Sand. This section is, howeverj just beyond 
the southern limits of Sheet 64. 

South of the village of Wadenhoe, there is a pit exhibiting the following 
interesting section : — 

Ironstone Pit at Wadenhoe. 

(1.) Soil and rubble of Great Oolite . - - - 

(2.) White clays 

(3.) Yellow, sandy day - - - - - 

(4.) Dark, laminated, carbonaceous clay . . - 

(5.) White davs with vertical plant-markings 
(6.) Dark, carbonaceous cla^rs . - - - - 

(7.) White clays, with vertical carbonaceous markings and 
ferruginous stains . . . . - 

(8.) Ironstone beds to the bottom - - - - 

A little below the level of this pit the Upper Lias Clay was dug. 
The Great Oolite and Combrash are seen in the high ground above the pit. 
If, as seems probable, the beds (2) to (7) inclusive represent the Upper 
Estuarine Series, this formation has become greatly attenuated and is not more 
than 8 feet in thickness. The Northampton Sand also is evidently very poorly 
represented, and we have thus an illustration of the fact, that all the members 
of the Jurassic series partake in a greater or less de^pree of that eastemly attenu- 
ation, which, in the case of the Lincolnshire Oohte, is so marked in degree 
and so productive of complexify in the relations of the beds. 

In the foundations of an engine-house on the south side of the bridge near 
Lilford Hall the beds of the Upper Estuarine Series were well exposed, and 
Beem to consist of sandy beds at the top, underlaid by about 6 feet of light 
coloured (bluish and greenish) fresh-water clays. 

In the ornamental water near the Lodge of Lilford Park the following 
succession of beds was seen. 

ft. in. 
(1.) Great Oolite Limestone (with clay partings) - - 5 

(2.) CUy - - 1 

(3.) ^liite and light-brown sand passing down into — 
(4.) Light-blue cUy, of which the base was not seen* 
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The Upper Estuarine Clays of the Great Oolite were exposed in sevenl 
cuttings on the Northampton and Peterborough Ridlwaj, both to the norih 
and south of the town of Oundle. 

In the lateral valleys west of Oundle several sections of the same beds an 
exposed, especially near Oundle Wood and on the road between Oundle and 
Glapthome. They can also be traced at several points in the immediate 
vicinity of the village of Lower Benefield. In this neighbourhood it seems 
probable that, as at some other points, the nodular ironstone of the "junction- 
Dand," at the base of the Great Oolite series, has in former times been dug for 
the purpose of smelting. 

Around the valleys at Glapthome and Southwick, clays of the Upper 
Estuarine series can be easily traced ; but the only point where they present 
any feature of marked interest is on the side of the road east of How 
Wood, north of Southwick, where a plant or " root-bed," is seen, like that 
described at Duies' Hill, &c. by Professor Morris. 

Near Cross- Way-Hand Lodge the succession of beds could be clearly traced 
at the time of the survey in a series of field-drains. Below the Great Oolite 
Limestone and Clays the firesh-water, sandv clays were well exposed, and only 
found to be separated by a comparatively tnin l>ed of stone (the Lincolnshire 
Limestone) from the ferruginous sands of the Lower Estuarine Series (North- 
ampton Sand) which are exposed a little lower down the stream. We are 
here evidently near the thin end of the wedge constituted by the Lanoolnshire 
Oolite, and as we trace the strata further to the north and west, the thickness 
of this important series of marine limestones is found continuallv to increase, 
and the two estuarine deposits to be separated by greater thicknesses of 
calcareous rock. 

The Upper Estuarine Series, as already noticed, is seen at Wood Newton 
(p. 171), and also at several points near Apethorpe. And at various pits in the 
neighbourhood of Kin^s ClifiPe the clays of the Upper Estuarine Series with the 
persistent "ironstone junction-band " at its base is exposed, bdng often let' 
down into ''pipes " or " pockets " in the irregularly eroded surfikces of the 
Lincolnshire Limestone. 

In the woods of the Bedford Purlieus, now to a great extent cleared, the 
beds of Estuarine Gay can be traced below the Great Oolite. At several of the 
farm-buildings erected in the area, the same beds were reached in weUs. 

The strata of the Upper Estuarine Series, on the eastern side of the Nene 
valley, though exposed at many points, appear to be generally thin and destitate 
of any features of geological interest till we reach the neighbourhood of Wans- 
ford, where we find a number of valuable sections. 

In this neighbourhood, as seen at Yarwell and other points, the upper part 
of the series we are describing often consists of sands instead of clays. 

In the ''wood-pit " at Stibbington, we have a good section of the fresh-water 
clays and sands, the shelly oolite beds being quarried beneath them. Here 
the upper surface of the Oolitic limestone displays great irregularity, but this ap- 
pearance is, in part at least, due to the percolation of surface waters, which have 
dissolved the upper smrface of the limestone, and let down the superjacent clays 
into holes and " pockets.'' Under the sandy, whitish and blueish days, with 
irregular plant-beds, we find the "junction-band,'' a layer of nodules of more 
or less compact or ^urthy, brown ironstone. This is underlaid in many places 
by a bed of white marl probably the product of the decomposition of the lime- 
stone and containing apparently waterworn fragments of compact limestone, 
the beds below being highly oolitic. This would seem to indicate that a 
considerable amount of denudation of the Inferior Oolite limestone preceded, 
at this point, the deposition of the earliest beds of the Great Oolite series. 

The strata of the Upper Estuarine Series were well exposed in making the 
Sibson tunnel on the Northampton and Peterborough Railway, and sections 
of them mi^ still be traced at either end of it in the deep cuttings. At the 
western ena of the tunnel, near Wansford station, the whole series of beds, 
from the Great Oolite Limestone (here underlaid by a considerable thickness 
of freshwater sands and clays, vdth the ferruginous nodular junction band at 
their base), down to the thin representative of the Lincolnshire Limestone and 
Northampton Sand, may be seen. 
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At the other end of the tunnel the beds of the Upper Estuarine are again 
seen, but more obaouiely. They appear here to present, at their base, features 
BimilBr to those we have described as occurring in the Stibbington pit. 

As already noticed (page 174) the Upper Estuarine Series (its relations to 
the Inferior Oolite beds below being well illustrated) is exposed in the section 
at Water Newton brickyard. 

The beds we are describing can be traced up the line of the Billing Brook, 
till we reach the fiftult shown upon the map, and by means of which the Great 
Oolite strata are suddenly cut o£P, and tnrown against those of the Oxford 
Qay. 

In the district to the northward, between the yaUeys of the Nene and the Wel- 
land, we find a number of interesting exposures of the strata of this age. They 
are seen at Bainton Heath surmounted oy the Great Oolite Limestone ; while 
at U£Pord a weU, sunk through the last-mentioned strata, reached beds of green 
clay crowded with Cyrena and other shells. At Castor Hanglands Wood a 
considerable thickness of white, sandy clay, forming the base of the Upper 
Estuarine Series, is seen at the top of the limestone quarries, wheve the 
Lincolnshire Limestone has been proved to the thickness of 20 feet. On the 
top of the hill between Helpstone brickyard and Oxey Wood, we find the 
following section : — 

ft. in. 
(1.) Light-blue, sandy day, with some carbonaceous markings 5 to 6 
(2.) Band of nodular, sand^ ironstone, "junction-band" - 1 6 
(3.) Hard and compact, argillaceous limestone, of a blue colour, 

weathering Drown, with large smooth joint-planes - 6 to 8 
(Lincolnshire Oolite.) to bottom. 

The beds in this pit show great signs of disturbance, bein^ in immediate 
proximity to the anticlinal roll so well exhibited in Helpstone brickyard, and 
also to the ^preat Tinwell and Walton fault. 

About Milton Park several wells and other sections show that the clays 
of the Upper Estuarine Series rest immediately upon the sands of Lower 
Estuarine age, the Lincolnshire Limestone being here altogether absent. 

From Stamford northward to the farthest limits of the map, which 
this Memoir is especially designed to illustrate, as well as beyond 
that line, the beds at the base of the Great Oolite Series are well 
exposed in a number of railway-cuttings on the main-Une of the 
Great Northern Railway. It was by the examination of these 
sections in their fresh state that Professor Morris was enabled to 
give those admirably clear descriptions of these argillaceous strata, 
which first called the attention of geologists to the tact that we have 
in the Midland district formations which cannot be exactly identi- 
fied either with those of the south-west of England or of Yorkshire. 
These interesting estuarine strata were, however, in the first in- 
stance, supposed to be on the horizon of the Forest Marble, and 
not on that of the Stonesfield Slate, which is now recognised to be 
their true position. 

As the sections on the line of the Great Northern Railway are 
now for the most part turfed up and rendered much more obscure 
than they were when studied by Professor Morris, I shall quote 
the excellent observations of that geologist upon the subject.* 

" The Careby cutting (denuded in the centre) extends for three-quarters of 
a mile, and exposes the lower bituminous and brown clays overlying the oolite 
of 16 feet thickness ; it is thick-bedded and blue in its centre, sometimes 
obliquely laminated and shelly, with zones of marly concretions ; the shells 
are chiefly Lima, Pecten, Ostrea, Terebratida, and a few corals ; some of the 
beds exhibit a bored surface. 



* Quart, Joum. Geol, Soc,, vol. ix.,pp. 880, 881. 
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" A small section again exposes the lower clays ; and crossinff the yalley 
traversed by the river Glen, Danes' Hill cutting (Fig. 15), exhibits a good 
typical section of the superincumbent clays, vis. : — 
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feet. 



Oyster-bed, oompact at bottom and soft at top^ 



fall of oysters 



8 

4 

4 

1 

01 

Oi 
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flatly axranged, and a few other sheUs, Pema^ 
Clay and soft marly rock, very irregular 
Clay enclosing sheuy rock 
Green sandy day, Fholadomya, &c. 
Bituminous day - 

Cuncretionaiy sand and lime rook 
Shdly davs, Neaera, &c. 
Black ana green days (no shdls) 
Shelly and sandy days, bituminous at^base, with fragments of 

plants horizontally disposed - - - - li 

Gray sandy and marly rock, upper part (9 inches) less shelly 
than lower, with vertical plant markings (root or stem-bed) - 2 

Shalyday 1 

Bitaminous day^ . . - . . - li 

Green days -*- - - - - -3J 

Grevish and dark clays, finely laminated - - - 4 

" At tne southern end these lower clays are about 15 feet thick between the 
root-bed and the ferruginous band, upon which latter they repose, and below 
which the oolite extends a few yards only into this cutting. It majr be re- 
marked, that the beds exhibit a sjrndinal dip towards the centre, at the angle 
of which a small fault is visible, giving to tne position of the stem bed in this 
section an irregularity, and somewhat affecting the parallelism of it in regard 
to the other sections. 

" The Aunby cutting, the contour of which is very irregular, although not 
exposinff so complete a series as the last, still presents some differences, more 
espedalfy observable in the arrangement of the plant-bed, which in this section 
esmibits a different mode of accumulation, being here replaced by two distinct 
bituminous layers, each of which has its accompanying root-bed ; the upper 
bituminous clay attaining a thickness of 2 feet, with li^ite and impure coal ; 
the lower is about 3 inches, and, with its accompanying root-bed, thins out 
towards the north end of the cutting. The following is the series about the 
middle of the cutting : — 

feet. 
Grey and whitish clays, with markings of plants at base - - 9 

Sandy and shdly days - - - - - - 3 

Dark days - - - - - - -6 

Green days, findy laminated - - - - - 2 

Bituminous clays with lignite and coal - - - - 2 

Grey sandy clay with vertical plant markings - - - IJ 

Bituminous clay - - - - - - -02 in. 

Grey clay with stems - - - - - - 24 

White and grey clays - - - - - - 7 

Ferru^ous band - - - - - - 1 

The oohte extends along the base of the cutting." 

Ifdien, — The only inlier, df any importance, of the beds of the 
Upper Estuarine Series is that of tiie Brigstock Parks, on the 
extreme southern limit of the area. The interesting relations of 
the beds here, with the tooo& of unconformity exhibited between 
the Great and Inferior Oolite Series, have been already noticed 
(pace 38). Two sections at this place exhibit clearly the characters 
of the upper and lower portions respectively of the Upper Estuarine 

Series. 

Section in road-cutting at Stone-pit'Quarter. ^^ ^^^ 

(1.) Bottom bed of Great Oolite, consisting of hard, white, 

marly limestone ^th many shdls - - thickness variable. 



(2.^ Light-coloured stratified clays with Oysters - - 2 

!d.) Variegated days, ash coloured, bluish, and greenish - 5 

4.) Irregular thin band of marl, with fragments of veiy thin 5 

shells (Modioia imbricata, ^c) - - - 4 

(6.) Lighter coloured marly clays - - - - 

Connexion with next section not seen. 



(4.) 
(6.) 
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Pit at the north^oit angle qf Old Head Wood. 

(1.) Soil, Boulder Clay, and Gravel - • - -2*4* 

(2.) Dark-coloured, carbonaceous clay - - - - 1 

(3.) White, sandy day, with traces of vertical, carbonaceous 

markings - - • - - .76 

The nodular ironstone *' junction band ** well seen here - variable 
Soft, somewhat rubbly oolite, about - - - 1 

(6.) Hard, compact oolite with Nerinaea and Corals (Lin- 
colnshire Limestone, coralline facses) - - - 5 
(6.) Brown sand, becoming paler going downwards. 
The beds in this pit dip S. 1/°. 

The difference in level between the bottom of the Great Oolite and the top 
of the Inferior Oolite is about 30 ft. 
There are several small faults in this pit, each of only a few inches throw. 

Outliers. — ^West of the main line of outcrop of the Great OoUte 
strata a number of outUers occur, for the most part only separated 
from it by the narrow valleys of the numerous streams, which 
traverse and furrow the surface of the Great Oolite plateau. It 
will be only necessary to notice such of these as present sections of 
some completeness, novelty, or interest. Some of these outliers 
consist only of the Upper Estuarine Clays, and in such cases are 
almost always obscured by drift; others are surmounted by higher 
beds of the Great Oolite series. 

The series of outliers, extending from Weldon to Wakerley, are laigely 
concealed by drift, and present no sections of value till we reach the Great 
Wood south of the latter village. Here the lowest beds of the series, oonsist- 
ing of white fire-clay, have been rather extensively duff and conveyed to 
Stomford for the purposes of being made into muffles and also for the manu- 
f&cture, in admixture with other cUkys, of terra-cotta. 

The Wakerley clays are dug immediately below the peaty soil of the wood 
to the depth of 6 feet being found to rest directlv on the oolitic rocks of 
the lincomshire Limestone ; and they appear to be nere of tolerably uniform 
character throughout. A bit at a slightiy lower level showed only 4 feet of 
white fire-clay lying upon tne limestone. 

The larji^e oullier of the Great Oolite east of Luffenham presents us with no 
good sections of the Upper £stuarine Clays ; but their outcrop can be readily 
traced, and the '' cold and hungry " nature of the soil formed from the white 
clays at the base of the series is very evident at Luffenham Heath. 

The next outlier to the north has been encroached upon by the great exca- 
vations of the Ketton quarries. Here, above the " Crash-bed " of the 
Lincolnshire Limestone, we have the " ironstone junction-band " surmounted 
by a great thickness of clays, the lighter coloured portions of which are seen 
to be abnost wholly nmde up of Cyrena and other shells, while the darker 
portions abound with carbonaceous matter, and sometimes contain large 
masses of wood. 

North of Stamford we have sections in the Upper Estuarine beds at Little 
Casterton quarries, and the brickyard near the town, known as Torkington*s 
pit. In the Little Casterton quarries the junction of the days at the iMise of 
the Great Oolite series with the Lincolnshire Limestone is well seen. Hie 
surface of the oolitic rock is \etj irregular ; the ironstone junction-band is 
present, sometimes exhibiting a thickness of several feet, and it is immediately 
overlaid by the usual white chiys. In some of the pits tiie whole thickness of 
the Upper Estuarine beds is displayed, but the sections cannot be accurately 
measured. 

Their succession appears to be as follows : — 

Section at Little Casterton Quarries. 

(1.) Limestone full of shells of Ostrea submgtdosa. Lye. and Mor. (Great 

Oolite Limestone). 
(2.) Light-coloured da^, crowded with shells of Cyrena, &c. 
(3.) Dark-coloured " bituminous days,'' with much wood and many plant 

remains. 
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(4.) White, sandj days. 
(5.) Ironstone "junction bed." 

(6.) Lincolnshire Limestone, proved to 50 feet in depth. 
In the brickyard at Stamford (Torkington's pit) I obtained in 1869 the 
following section ; the pit is now closed (December 1874). 

Section at Torkington^s Pit, Stamford, 

ft. in. 

(1.) Soil 16 

02.) Oyster beds of Great Oolite Limestone - - - 3 

(3.) Dark-oolonred, nearly black, carbonaceous and ferrugi- 
nous clay, without sheUs - - - - 3 6 
(4.) Grey days, with shells - - - - - 3 
(5.) Clays of a tea-green colour, sometimes passing to a bright 

green, and crowded with shells - - - - 5 6 

(6.) Black, carbonaceous bed, without shells - - 1 to 2 

(7.) Green clay (without shells but unth masses of jet) - 2 

(8.) " Skeny," a hard gritty clay used for making fire-bricks. 
It resembles in texture the " root-beds " but has no ver- 
tical plant remains - - - - - 8 
(9.) Grey clay, blackish in places (but makes fine white bricks 

and is esteemed the best cli^ in the pit) - - 4 

(10.) White clays, very sandv in places - - - - 5 

(11.) light reddish-brown clay, full of wood - - - 1 

(12.) Ironstone junction -band - - - - - 1 

(13.) Limestone (Lincolnshire Oolite) - - - - 74 

(14.) Sands and ironstone of the Northampton Sand. 
In the *' Skerry " (8) and the clays below it iron-pyrites abounds. The total 
thickness of the Upper Estuarine Series here is 27 feet. 

The upper clays bum into a red brick, the " skerry " into a fire-brick, 
and the grey clays (9) into a fine white brick. 

On the small outlier of the Upper Estuarine clays nearly covered by the 
" spinney *' called Tickencote Launde, there is an old stone-pit in the wood, 
which exhibits oolitic limestone covered by only 5 or 6 feet of whitish clav. 
There are also in this wood very numerous swallow holes, such as so commonly 
occur along the line of junction of the Upper Estuarine Clays with the 
Lincolnshire Limestone. 
The other extensive outliers of Great Oolite strata to the northward do not 

Cent us with any interesting section of the estuarine beds, oonstitutiDg the 
of the series, till we reach the Clipsham quarries. Here the Oolitic 
Limestone is auairied under a considerable thickness of the overlying Es- 
tuarine days, tne section presented being similar to those of Ketton quarries 
and the Staznford brick-pit, but not so complete as in the latter. The iron- 
stone junction -band is present, but does not seem to be so constant as is 
usually the case ; the section is, however, somewhat obscure. 

At Little Bytham, at the adamantine clinker works beside the Great 
Northern Railwav, the clays of the Upper Estuarine Series are extensively dug 
for the purpose or making bricks of peculiarly excellent quality, which, from 
the ringing sound which they give when struck together, are known as " clinker 
bricks. We have here a very interesting section exposed. 

Section at the " Clinker Works" and Railway Cutting, Little Bytham. 

ft. in. 

(1.) Soa 6 

(2.) Teargreen days 12 

(3,) Brown, sandy day - - - - - 1 

(4.) Greenish clay, full of soft, white, carbonate of lime - 1 

(5.) Variegated blue and brown, sandy day - - - 1 6 

(6.) Blue clay 6 

(7.) Blue and brown, sandv clay, similar to (5) - - 1 6 

(8.) Bed of indurated sancf with fossils - - - 6 

(9.) Blue day, slightly mottled - - - - 4 

(10.) Brown and blue mottled, stiff clay, with lumps of soft 

carbonate of lime - - - - - 4 
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ril.) Tea-green claj^ ferroginous at the bottom 
ll2.) Dull tea-green clays - - - - . 

(1 3.) Lighter-coloured tea-green days, with seama of comminu- 
ted shells and carbonaceous markings - - . 
(14.) Brown sand, fall of sheUs, and containing carbonaceous 
markings ---... 

(15.) Black cky 

(16.) lighter-coloured and more cbmpact clay 
17.) Greenish^ compact clay, with ferruginous markings 
18.) Tea-green clays with rerrug|inous markings 
19.) Dark-blue, compact day with ferruginous markings 
(20.) Dark-blue, compact clay, becoming ferruginous at the 
bottom, with vertical plant markings - - . 

r21.) Brown, ferruginous day (representative of junction-bed) 
(22.) Rubbly limestone (Inferior Oolite) ... 

The following were seen in the Railway Cutting . — 
(23.) False-bedded oolitic limestone .... 

(24.) Sandy bed, full of oolitic grains .... 

(25.) Compact, blue-hearted, oolitic limestone, slightly false- 
bedded - - - - - - 5 6 

The interesting appearances presented by this exposure of strata, an un- 
usually fine one for the district, are illustratea in Plate VlII., in which both the 
section seen in the railway-cutting, and that in the adjoining clay-pits are 
represented. 

It is to Professor Mosbis that geologists are indebted for first 
pointing out the peculiar estuarine conditions of which the beds 
we have been describing afford such satisfactory evidence. Having 
the opportunity of examining the freshly-opened cuttings on the 
railway, he collected, under the most favourable circumstances, 
the fresh-water fossils of the beds. These, unfortunately, are 
usually badly preserved and often so obscure as to be indetermin- 
able. The marine shells of the series appear to be identical with 
those of the Great Oolite Limestones above, into which formation 
the beds we are describing insensibly merge. The only fresh- 
water fossils which have been found capable of identification are 
Cyrena Ounninffhamif Forbes, with several species of the same 
genus, UntOy one or more species, and Pcdudina. 

As an illustration of the great variability in thickness in the 
several members of this formation, we quote the following table 
from Professor Morris' Memoir 

* " Table exhibiting the varying Thickness of the Clays in the different 

sections : — 
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The beds of the Upper Eetuarine Series are not of great economic 
importance. The clays contain just such a valuable admixture of 
siliceous matter in a finely divided state as to adapt them for the 
manufacture, in some cases, of fire-bricks, and in others of tile-ware 
of peculiar hardness and soundness. 

At Wakerley, as we have already noticed, the white clays at 
the base of this formation are dug rather extensively by the well- 
known makers' of terra-cotta, Messrs. Blashfield of Stamford. It 
is an excellent fire-clay, and is said often not to contain more 
than 15 per cent, of alumina ; it is, however, largelv made up of 
finely divided quartz, with a considerable quantity of carbonate of 
lime, the latter sometimes in small oolitic grains, and at other times 
even occurrins^ in the forms of lumps of oolitic limestone, which 
are occasionaUy of considerable size. The muffle-tiles made of 
these Wakerley clavs are said to withstand the severest heat for a 
longer time tlian the celebrated Stourbridge Clay. For pillars of 
terra-cotta^ which are required to sustain a considerable weighty and 
at the same time to endure a considerable amount of heat (as, for 
instance, the columns employed in the construction of hospitals 
and other large buildings, which also serve as flues for conducting 
hot air), the Wakerley clay forms an excellent "body." For the 
finer classes of white and ornamental terra-cotta ware the Wakerley 
clays are of no use, as the roots and vegetable matters which abound 
in them (the masses being penetrated in every direction by the 
roots of trees) gives the material made from them, when bumt^ an 
unpleasant yellowish tint. 

The red ware at Stamford is usually made of a mixture of days. 
These are as follows: — The weathered Upper Lias of the valley of 
the Welland, which is of a didl brown colour, and full of selenite 
formed bv the decomposition of nodules of iron-pyrites ; the un* 
weathered clays of the same formation, which are dug at greater 
depths at Stamford, and the similar Lias Clay from Manton tunnel ; 
and, lastly, tiie lighter Oxford Clay fit>m the London Road, 
Peterborough, whicn is of a more sandy texture, and is found to 
prevent the other materials with which it is mixed from shrinking 
and cracking. These several materials are well crushed and ground 
together, and for the finer moulded work a proportion of pounded 
febpar, kaolin, or other ingredients according to circimistances, are 
added. 

For these details concerning the economic characteristics of the 
several clays of the district I am indebted to Mr. Blashfield of 
Stamford. 

Great Oolitk Limestones, &c., Upper Zone. 

This series of beds, which graduates alike into that which we 
have just described below it, and into the argillaceous series above, 
consists of alternate beds of white limestone and marly day, with 
seams made up of the shells of small oysters (0. Sowerbyi^ Mor. & 
Lye., and 0. subrugtdosc^ Mor. & Lye.). Sometimes the limestones 
consist of comminuted shells and then split up into thin flags like the 
Forest Marble of the South of England, for which they have been 
mistaken. Beds of this character are seen at Castor, Alwalton, &c 
More usually the limestones are sofi^ white, and marly, abounding 
in casts of shells, those of the MycKke being espedaUy abundant* 
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The limestones at the bottom of the series sometimes attain to a 
considerable thickness, and very occasionally, as near Brigstock and 
Stanion, exhibit traces of ooutic grains ; but, as a general rule, 
the Great Oolite of this district is everywhere distinguished from 
the Inferior by the total absence of oolitic structure. When dug 
under a considerable thickness of claVf all the beds are blue and 
of great hardness. Occasionally these beds become somewhat 
ferruginous, and are then, in their general aspect, scarcely distin- 
guishable from the Combrash. 

A large proportion of the species of fossils in these beds occur 
also in the Combrash, but not a few of the species found in the 
latter are wanting in the Great Oolite Limestones. A few specie 
by their ffreat abundance serve everywhere to characterise the 
Great Oohte Limestones ; among these we may especially mention 
Ostrea Sowerbviy Mor. & Lye, 0. subrufftdasay Mor. & Lye, Clypeus 
MiiUeri, Wrignt, and H<nnomya gibbosa. Sow., sp. In some places, 
as at Bottlebridge, near Peterborough, palatal teeth and dorsal 
spines of fishes (Strophodus, Pycmdus^ Hybodusy Asteracanthus, &c) 
occur in considerable abundance with the bones of Saurians, in- 
cluding the gigantic Cetiasaurm; at others the stone contains large 
numbers of corals, Isastrwa being the prevailing ^enus. 

These limestones, marls, and shelly rocks which constitute the 
Upper Zone of the Great Oolite, maintain a remarkable uni- 
formity of character over a larse part of England ; stretching 
southwards as far as Gloucester3iire, and northwards from the 
district we are describing into Mid-Lincolnshire, where they appear 
to thin out and disappear finally. 

The beds of limestone are used locally for building purposes 
and occasionally for road-metal The compact, marly beds are 
especially valued and ever3rwhere largely dug for lime burning. 
Hard, blue, shelly beds of this series were formerly quarried for 
ornamental purposes, and were known as " Alwalton Marble." This 
material is employed in the Early English portions of Peterborough 
Ca^edral as a substitute for the celebrated Purbeck Marble in we 
small clustered columns which characterise that style. 

Except where ferruginous, these beds form a dark coloured soil, 
which, trom its admixture of clay and limestone, is celebrated for 
its fertility. 

Extent. — The limestones of the Great Oolite almost always cover 
the beds of the Upper Estuarine Series, and in fact the preserva- 
tion of the soft strata of the latter formation has been evidently 
due to the presence of the hard, superincumbent rocks. Con- 
sequently the remarks upon the general ranpe and extent of the 
beos of the Upper Estuarine Series in th^ area apply almost 
equally well to those of the Great Oolite Limestone. Occupying, 
however, generally higher levels, the outcrops of the Great Oolite 
Limestone to the westward are more obscured by Boulder Clay and 
other drift deposits, than those of the subjacent formation. Hence 
it is where the beds of the limestone series are exposed at lower 
levels, as along the valleys of the Nene and Welland, that the best 
sections are found. It will therefore be well to reverse the order of 
description which we adopted in the case of the Upper Estuarine 
Series, and to notice, firstly, the numerous clear and unmistakeable 
sections exposed along the great lines of the river valleys to the 
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ea3twa«rd, and then to turn our attention to the less satisfactory 
exhibitions of the same strata where expose'd at their highest levels 
towards the great western escarpment of the district. 

Although the general uniformity of character in this formation 
is very marked, not only within the district which we are now 
describing, but also far to the northwards and southwards, yet 
there are many local variations in the characters of its beds and 
in the general assemblage and facies of its fossils, which seem to 
indicate numerous changes in the depth and other conditions of the 
seas in which the beds were dejiosited. The graduation of the strata 
of the Great Oolite Limestone series downwards into the Upper 
Estuarine Series, and upwards into the Great Oolite Clays is 
most perfect Indeed, as in the south-west of England the three 
members of the Great Oolite Series, namely, the Lower Zone, 
the Upper Zone, and the Forest Marble, are connected by the 
most intimate ties, so the beds, which in the Midland area seem to 
be their almost exact representatives, are Unked together by equally 
unmistakeable gradationa 

Commencing with the valley of the Nene, where the southern limit of Sheet 
64 croflsefl it, we find at Wadenhoe a section of the limestones of the Great 
Oolite, and are able to trace the relations of the various beds between the 
Combrash above and the Upper Lias Clay below. 

At this place the following shells, among others, were obtained from the 
Great Oolit^Limestone. 

Area Pratti, Lye, Sf Mor, 

Lima pectiniformis, Schloth. 

mterstincta, Phil. 

duplicata. Sow, 

Hinnites abjectus, Phil. 

Pecten demissus, Phil, 

Pt<ff opema gibbosa, Lye, 

plana. Lye, 

Ostrea gregaria, Soto. var. 
Northward, near Pilton Lodffe, the limestones of the Great Oolite are dug 
below the supeijaoent da^s, and, in consequence of beingthus protected from 
atmospheric influences, the rock is of great hardness. There are several sec- 
tions of the Great Oolite Limestone in Lilford Park, presentinf^, however, no 
features of special interest. Near the bridge in this park, the junction of the 
marine beds of the Great Oolite Limestone with the estuarine strata below was 
well exposed in an artificial opening. In the ornamental water, near the 
lodge in this park, the bottom and more solid rocks of the Grreat Oolite Lime- 
stone to the depth of 5 feet, with only some insignificant clay partings, was 
seen resting directly on the Upper Estuarine Sands and Clays. 

As a general rule, the lower beds of the Great Oolite Limestone are more 
solid and compact, while its upper portion consists of alternations of marls or 
clays, limestone beds and oyster bands, and it thus graduates upwards into 
the clays with shelly bands above it. 

West of Lilford Lod^e, we find a pit of considerable size in the Great Oolite, 
affording us the foUowmg section : — 

Seetum in pit west of Lilford Lodge, 

ft. in. 
(1.} Soil - . - - - -.10 

(2.) Bluish-green and mottled day - - - - 2 

(Base of Great Oolite Clays). 
(3.) Clayey band crowded with oysters - - - 1 

(4.) Stony band almost made up of oysters, thick- \ ^^ 9 in to 1 3 

ness irregular - - - - j 

(5.) Bed of compact stone, ver^ hard, and entirely made up of 
comminutea shells. (This bed greatly resembles the 
Forest Marble of Dorsetshire) - • - - 1 6 
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ft. in. 
(6.) Soft, white, sliffhilj oolitic rock, becoming marly at its 

base, and crowded with oysters - - - - 2 

(7.) Stone, entirely composed of comminuted shells, yery 
iiregularlj beaded, and with little or no day in its part- 
ings - - - - - - -60 

(8.) Somewhat softer, marly bed, full of oysters, &c., irregular 

in thickness, but ayeraging - - - - 1 

(9.) Beds of hard stone, like (7), base not seen-^to bottom 

ofpit 6 

This pit was formerly dug somewhat lower, but no good stone was foniid 
under the bed (9), which rests on a marly band with oysters. It is uncertain 
whether the clays and sands of the Upper Estuarine Series were reached. The 
Great Oolite Lunestone in this area is probably about 20 feet in thickness. 

The Great Oolite Limestone is exposed at seyeral points near Stoke Doyle, 
and its junction ^dth the clays below is marked by the occurrence of powerfal 
springs. 

South of Oundle, the beds of the Great Oolite Limestone are exposed in a 
number of cuttings on the Northampton and Peterborough Railway. Near 
Barnwell we obtained the following section : — 

Section in railway 'Cuttinff, near BamweU, on the Northampton and Peterborough 

Railway, 

ft. in. 
(1.) Great Oolite Clays, blue and mottled, with a thin band 
of ferruginous nodules at the base. The junction of this 
bed with the Combrash is not seen in this cutting. Thick- 
ness seen - - - - - • -69 

(2.) Bed of laminated, sandy limestone, with bands of white 
marl and thin layers of "beef" (fibrous carbonate of 
lime). There are out few fossils in this bed except the 
ubiquitous Modiola imbricata. Sow., and Ostrea subrttgu- 
losa, Lye. and Mor. - - - - - 1 8 

(3.) Beds of hard (" Forest-Marble "-like) limestone, entirely 
composed of comminuted shells, with a few specimens of 
Ostrea subrugulosa. Lye. and Mor. - - - 2 

(4.) White, marly limestone, full of shells, Modiola imbricata. 
Sow., Ostrea subrugulosa,' hjo. and Mor., Pholadomya 
deltoidea. Sow., Pteropema plana. Lye. and Mor., Myacites 
decurtatus, Phil., Cardium striatulum. Sow,, Cardmn sp. 1 6 
(5.) Beds of hard ('< Forest-Marble-like ") stone, composed of 
oonmiinuted sheUs, in two courses* with a day band 
between them. In other places this day-band increases 
to a thick bed of white marl, full of oysters and other 
shells - - - - - - -70 

• (6.) Bed of white marl, becoming, in places, hard and nodular, 

and oontaininff shells - - - - - 3 

This is the lowest bed exposed in the railway-cuttings. 
Near the town of Oundle we find a number of extensiye pits in the Great 
Oolite Limestone, and in one of these, long since dosed, was obtained a number 
of spedmens of the beautiful star-fish called Ophiurella Qriesbachii, Wright 
The following spedes were also obtained here :— 
Modiola imbricata. Sow. 
Lima semidrcularis. Gold/. 
Ostrea subnurulosa. Lye. '^ Mor. 
" ■ Sowerbyi, Lye. ^ Mor. 
One mile to the westward of the same phce the following spedes were col- 
lected by Mr. Richard Gibbs : — 

Fossils from a pit in the Great Oolite 1 mile west of Oundle. 

Nautilus Baberi, Lye. ^ Mor. 
Natica neritoidea. Lye. & Mor, 
NerinsBa funiculus, Dest. 
Anatina undulata, Sow, 
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CorbicellA Bathonica, Lye, Sf Mor, 
Cyprina trapezifonnis, Rom. 
Cypricardia Bathonica^ d'Orb. 

nuculifonnis^ Riim, 

Cyprina Loweana, Lye. Sf Mor, 
Modiola imbricata. Sow. 

fupcata. Gold/. 

Myadtes calceiforaiifl, Phil. 

securiformiB^ PhU. 

Mytilus sublsevis. Sow. 
Lucina crassa^ Sow. 

Bellona, d'Orb. 

Pholadomya deltoidea, Sow^ 

'- Henulti, Ay. 

Trigonia costata. Park. 
Hinnites abjectus, Phil. 
Perna quadrata. Sow. 
Pinna ampla. Sow. 
Rhyncbonella concinna. Sow. 

varians, Schloth. 

Terebratula globata. Sow. 
■ mazillata^ Sow. 
EchinobrisBus clumcularis, Llhwyd. 
siniiatus, Leske. 

In a lai^e pit near the town» the limestone of the Great Oolite is thick- 
bedded and crowded with fossils ; at some points the rock exhibits pink and 
variegated tints. In the great stone-pit at Oundle UnioQ the oyster beds are 
well seen, lying above the thick-beaded limestones which are quarried for 
building stone. In the valleys west of Oundle the oyster beds and underlying 
rag-stone of the Great Oolite Limestones are exposed in a number of pits. 
The former beds are known locaUv as " hurr/' and are often dug for con- 
structing artificial rock-work. Where covered by the ferruginous gravel of 
the pre-gladal series (derived from the Northampton Sand, see p. 243), these 
beds have often acquired, by the percolation of Chalybeate waters, a deep 
brown colour and great induration. 

One of the most interesting pits in which these characters are displayed lies 
to the north-east of Benefield, where we find the following succession of beds. 

Section in stone-pit north-east of Benefield. 

( 1 . ) Sandy gravel, containing small, irregular pebbles of brown 
oxide of iron, derived from the Northampton Sand (pre- 

Slacial beds), 
irecda of argillaceous limestone and clay, full of Great 
Oolite fossils. 
(3.) " Hurr " beds almost wholly made up of small oyster 
shells, and in their upper part indurated and stained of a 
dark brown colour by oxide of iron. 



(4.) Bed of blue clay— 1 foot thick. 



Beds of good stone to bottom. 

AnotW peculiarity of the Great Oolite Limestone, as seen in the neigh- 
bourhood' of Oundle, is well displaved in a pit between Upper and Lower 
Benefield. Here the bottom beds of the series, which can be raised in very 
large slabs and blocks, exhibit much &1se-bedding and are crowded with shells ; 
thej also contain fragments usually subangular of a compact limestone 
possiblv derived from the Lincolnshire Limestone and indicating the denudation 
which those beds su£Pered prior to, and during, the deposition of the Great Oolite. 

At a pit in tiiis neighbourhood the foUo^ng fossils were collected by Mr. 
Richard Gibbb : — 

Fossils from Great Oolite at Upper Benefield 4 miles N.fV. of Oundle. 

Strophodus magnus. Ay. 
Area semula. Lye. Sf Mor. 
Lucina despecta, Phil. 
Sai08. O 
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Modiola imbricata. Sow. 
M^oconcba crassa, Soto. 
Tngonia MoretoiuB, Lye. Sf Mor. 
Tancredia eztensa. Lye, 
Lima pedinifoTtnis, Schloth. 

duplicata, Sow. 

Ostrea Sowerbyi, Lye. Sf Mor, 

subragmoBa, Lye. Sf Mor. 

Pecten lens. Sow. 

demisaus, Phil. 

clathratus. Rim. 

-Bp. 

Anomia, Bp. 

Acrosalenia bemicidaroideB, Wright. 

Pygaster semiBulcatuB, PkU. 

In tbe road from Glapl^ome to Southwick, altbougb tbe beds of the Great 
Oolite UmeBtone are themselveB concealed, their position is dear, the ckys 
above them and the sandy, estuarine beds below being well exposed : whfle 
in the nimierous spurs aboat these villages many small exposures of the 
Great Oolite Limestone may be detected. In the railway-cuttings north of 
Oundle, by Cotterstock, Tansor, Sec. the beds are so much obscured by tbe 
vidley gravels that the sections are of little value. 

The foUonnng fossils were collected in this neighbourhood : — 

Fossils from a pit in the Great Oolite 1 mile west of Glapthom. 

Cypricardia rostrata. Sow. 
Modiola imbricata. Sow, 
Trigonia costata. Sow. 

Moretonis, Lye. Sf Mor, 

Ostrea Sowerbyi, Lye, Sf Mor, 
Plicatula tuberculosa, Lye, Sf Mor. 
Pema quadrata, Sow. 

North-west of Gross- Wav-Hands Lodge there are two pits in the oyster beds 
and the white limestone below them belonging to the Great Oolite limestones. 
Over the great drift-covered tract, formerly clothed with woods and known as 
the Walk of Morehar, there are but few exposures until we approach the 
valley of the Willow 6rook. At several points on the edge of Morehay Lawn 
the hmestones and oyster beds of the Great Oolite are seen directly covered by 
Boulder Clay. But the geological structure of this district is rendered ?eiy 
obscure, by the thickness of the Boulder Clay and' through the great tracts (h 
woodland which still remain uncleared. 

Descending into the valley of the Willow Brook we find near Apethorpe 
Lodge several exposures of the beds of the Great Oolite Limestone. A well 
sunk to the depth of 30 feet passed, in its upper part, through blue clay with 
stones (Boulder Clay) and reached the thin shelly and stony beds with 
white marly bands between them, at the top of the Great Oolite. In these 
water was obtuned, and in consequence the well was not carried lower. In 
the brook below the reservoir we find, beneath the gravel, the bituminous 
clays below the Great Oolite Limestone, while north of the farm-buildings the 
hard limestones forming the base of the series which we are now describinf^ 
are seen in the sides of an old stone-quarry at present used as a saw-pit. 

West of the same farm-buildings a stone-pit Btill in use affords the foWamD^ 
section: — 

ft in. 

(1.) Sod 10 

(2*) Irregular stony band full of comminuted shells - 4 
(3.) Marly band full of oysters, &c. - - - 6 

(4.) Stony and somewhat sandy band - - - 3 

(6.) White marl - 3 

(6.) Light-blue, laminated clay - - - - 3 

(7.) White marl with oysters, &c. - - - 1 3 

(8.) Beds of hard, white limestone, bottom not seen - 3 
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Precise^ similar aections may be obserred in seyend small stone-pits on the 
opposite side of the vall^ to Moiehay Lawn. 

The " town-pit " of Apethorpe is opened in the lowest hard bed of the white 
limestone. It is here about 16 inches thick, and is overlaid by hard, cemented, 
limestone rubble. It is underlaid by a bed of marl, and that in turn rests 
on a bed of stone 4 inches in thickness. Below this we find a great mass of 
light-blue day belonging to the Upper Estuarine Series. Along the line of 
the yalley by King's ClSfe, Apethorpe and Wood Newton to Fotheringhay a 
number of small pits occur by means of which the general succession of the 
Great Oolite beds may be traced. 

On the north side of the yalley of the Willow Brook, we find another 
extensiye tract, like the Walk of Morehay, covered with wood and greatly 
obscured by drift. This is known as tne Westhay Woods, the Bedford 
Purlieus, and the Walk of Sulehay. 

On the slopes leading up to Westhay Lodge, the Great Oolite Limestones 
(oyster-beds, Sec) are seen directly overlapped by the Boulder Clay. On the 
Bedford Purlieus the beds of Great Oolite Limestones are exposed in some 
small openings, and are also reached in two of the weUs duf^ on parts of the 
old forest-land which, at the time of the survey of the district, were being 
cleared and laid out in hrma in this old forest tract. The same beds were passed 
through in a well at Cross Leas in the same district. 

Returning to the valley of the Nene, we find the Great Oolite Limestones 
underlying the pre-glacial gravels at Ring Haw Wood. About Elton there are 
several exposures of the Great Oolite strata, and between that village and 
Holbom Lodge a well 72 feet deep yielded the following succession of beds : — 
(1.) Combrash - - - - - 3 feet seen. 

(2.) Clays (of Great Oolite) - - - 14 to 15 ft. 

(3.) Shaley rock (oyster bands) / (Great Oolite Lime- 1 5 feet. 
(4.) Hard rock (limestones) 1. stones.) J 4 to 5 feet. 

(5.) Indurated sand and clay (Upper Estuarine series) 30 to 40 feet. 
(6.) Rock (Lincolnshire Limestone.) 
In the last b^ water was obtained. What is most remarkable in this 
section is the thinness of the Great Oolite Limestone, another example of the 
tendency of its beds to south-eastemly attenuation. A somewhat similar section 
was found in a well nearer to Elton. 

At dther end of the Sibson tunnel on the Norl^ampton and Peterborough 
Railway, the whole succession of beds of the Great Oolite is well exposed ; 
the heda of the limestone series presenting thdr usual character and 
succession. 

At Bainton Heath and between this place and Southorpe the strata of the 
Great Oolite Limestone, and their relations to the clays above, and the' estu- 
arine beds below, can be well observed. At Ufford, a well was sunk through 
the hard limestone rock of the Great Oolite, which required blasting, into 
the green clays with Cyrena (Upper Estuarine Series) below it. 

At Helpstone, a number of large pits have been opened in the Great Oolite 
Limestone, the stone being extensively quarried for road-metal, which is sent 
to considerable distances in the Fenland. In a large stone-pit, containing a 
limekiln, above Helpstone, we have the following section : — 

ft. in. 

(1.) Sofl, &c. 2 

(2.) Oyster beds, with bands of clay between them - 3 
(3.) Thick mass of very hard, dark-blue limestone, with 

many shells - - - - to bottom of pit. 

A well here, commencing at the top of the oyster beds, and dug to the 
depth of 12 feet, just reached the top of the ckys of the Upper Estuarine 
Smea. 

A similar succession of beds is seen in two other large pits at this place. 
Tlie lowest rock, to the thickness of two feet, is here found to be soft and 
worthless for road-metal and is not taken out. In the rock here I found — 
Pholadomya deltoidea. Sow, 
Trigonia Moretonis, Mor, J!jc Lye, 
Clypeus MiiUeri, Wright, 
and other fossils. 

o 2 
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At Oxey Wood and several other points in the neighbourhood the oystei- 
beds and limestones of the Great Oolite are exposed. 

Above Ailsworth there are food sections in tne marly, white limestone of the 
Great Oolite. The ovster-beds are here seen overlying the limestone, and in 
the latter fossils are abundant, including — 

Pholadomya deltoidea. Sow. Very abundant. 
Homomya gibbosa, Ag, Abundant. 
Terebratala maxiUata, Sow, (Adult forms.) 
Rhynchonella concinna^ Sow, 
Clypeus Miilleri, Wright . 
Holectypus, sp. 
At Ailsworth Heath traces of an old pit in the Great Oolite Limestone are 
seen. 

Near this place the following fossils were collected from the Great Oolite 
Limestone : — 

Fossils from stone-pit near Ailsworth. 

Strophodus magnus, Ag. 

Monodonta, sp. 

Natica globosa, Lye, ^ Mor. 

Nerinaea funiculus, DesL 

Voltzii, Desl. 

Anatina imdulata. Sow. 

Area Pratii, Lye. Sf Mor. 

Ceromya conoentrica. Sow. 

plicata, Ag. 

Cardium, sp. 

Cucullspa Goldfussii, Bjom. 

Cypricardia Bathonica, d'Orb. 

rostrata. Sow. 

Cyprina nuciformis. Lye. 

Loweana, Lye. Sf Mor. 

Homomya Vezelayi, a* Arch. 

Isocardia tenera. Sow. 

Lucina Bellona, d^Orb. 

Modiola fiircata, Goldf. 

imbricata, Sow. 

Myacites caloeiformis, Phil. 

■ securiformis, PHI. 

Pholadomya deltoidea, Sow. 

Heraulti, Ag. 

Trigonia Moretonis, Lye. Sf Mor. 

Avicula echinata. Sow. 

Lima duplicata. Sow. 

Ostrea subrugulosa. Lye, 4* Mor. 

GerviUia aviculoides. Sow. 

Terebratula maxillata. Sow. 

omithocephala, Sow, 

submaxillata, ? Mor. 

globata. Sow. 

Rhynchonella concinna. Sow. 

varians, Schloth, 

Serpula, sp. 

Echinobrissus sinuatus^ Leske. 
At Castor the oyster beds of the series are seen, and on Castor Heath tbe 
rocks of the Great Oolite Limestone assume the form known as Alwalton 
Marble, greatly resembling some of the flaggy beds of the Forest Marble of 
the south of England. The oyster beds and limestones of the Ghreat Oolite 
can also be traced along the sides of the Billing Brook, till they are cut off by 
the foult already referred to. 

The beds of the Great Oolite Limestone, which are seen at several 
points about Water Newton, can be traced between that point and Alwalton, 
at which latter place they are well exposed in the railway-cuttings and old 
' marble-pits." The steep escarpment of the Alwalton Lynch is fonned by 
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the limestones and oyster beds of the Great Oolite, overlying the variegated 
sandy cla^s of the upper Estuarine Series. The beds are well seen in the 
road leading from the village down to the Nene. 

The Alwalton Marble was formerly dug all along the Alwalton Lynch, but 
the whole of the pits are now closed. The hard, blue, shelly limestone was 
found to take an excellent polish, but does not appear to have been very 
durable. 

About Milton Park a number of wells showed the beds of the Great Oolite 
Limestone to vary from 10 to 20 feet in thickness. There is a small pit in the 
oyster beds in Thorpe Park. 

At Orton, near Peterborough, a well gave the following succession of 
beds: — 

(L) Combrash. 

(2.) Great Oolite clays - - - - 13 to 14 feet. 

(3.) Great Oolite Limestones - - - - 17 feet. 

(4.) Upper and Lower Estuarine Series - - 39 feet. 

(5.) Ironstone rock (Northampton Sand). 

In the admirable exposures of the Great Oolite in the railway-cuttings at 
Bottlebridge, near Orton, the late Dr. Porter collected large numbers of very 
interesting fossils. 

North of the valley of the Welland the outcrop of the beds of the Great 
Oolite Limestone can be traced in the district traversed by the line of the 
main line of the Great Northern Railway, in the cuttings of which, and in 
those of the Essendine and Stamford Branch Railway, we find some interest- 
ing exposures of the beds. 

The Belmesthorpe cutting on the last-mentioned railway not only furnishes 
an excellent section of the beds of the Great Oolite Limestone, but enabled 
the former collector of the Survey, Mr. Richard Gibbs, to obtain an interest- 
ing series of its characteristic fossils. North of Essendine, about which place 
there are numerous exposures of the limestones and oyster beds, we find rocks 
exposed in this formation which yield a greater variety of fossils than is 
usually found in the beds of this age. At this point large masses of coral 
{hasirma) are very abundant in the Great Oolite Limestones. 

The fossils collected at Belmesthorpe were as follows : — 

Fossils from the Great Oolite in the BmlvDay^ctUting at Belmesthorpe, 

Nautilus Baberi, hyc, 8f Mor, 
Natica globosa, hyc. Sf Mor. 
Cardiiun, sp. 

Corbicella Bathonica, hyc. 8f Mor. 
Cyprina nuciformis, hyc. 

Loweana, hyc. Sf Mor. 

Cypricardia rostrata. Sow. 

' — Bathonica, d'Orb. 

Isocardia tenera. Sow. 
Myadtes calceiformis, Phil. 

securiformis, Phil. 

Modiola imbricata. Sow. 
Pholadomya Heraulti, Ag. 
Trigonia costata. Sow. 

Moretonis, hyc. ^ Mor. 

GerviUia monotis, Desl. 
Lima puncturatai Sow. 

cardiiformis, hyc. 4* Mor. 

Ostrea Sowerbyi, hyc. Sf Mor. 

subrugulosa, hyc. Sf Mor. 

Pecten demissus, Phil. 
Perna quadrata. Sow. 
Pteropema costatula, Desl. 
Terebratula perovalis. Sow. 

On the road from Essendine to Toft there are numerous small pits, exhibit- 
ing the oyster-beds and limestones of the Great Oolite with their usual 
characters. 
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In the Dane's Hill cutting of the Great Northern Railway the lowest bed of 
the Great Oolite Limestone presents some interesting characters, which are 
worthy of remark. It constitutes a mass about 3 feet thick, the upper hjet 
of which contains many long cylindrical spines of eclunoderms, espedallj of 
Acrosalenia, The bed is of a brown colour, and somewhat SKadj character. 
Its analogue does not appear to exist in the Belmesthorpe cutting of the 
Stamford and £ssendine Railway, where we bave an equally clear section; 
but it seems to be represented by a white compact limestone. 

At Essendine cuttmg, on the main Une of the Great Northern Railwa?, a 
good section was exposed during its construction, which was thus describeaby 
I^fessor Morris : — ♦ 

'* With the Essendine cutting, now to be described, the argillaceous and 
shelly series terminate, as fiur at least as the Railway sections are concerned. 
In descending order, and with a view of rendering the peculiar characters and 
affinities of these beds more intelligible, the physical features and organic 
contents will be more fully detailed. Observing the same order of airanf^e- 
ment, we commence with the upper beds (1,) ^ich are full of Oysters, with 
occasional patches of Serpulse, 3 to 5 feet; the rock (2) immediately below 
the oyster-oed is sandy and marly, becoming occasionally very compact, 
calcareous, and bluish, and sometimes shaly, from 10 to 12 feet,t in the marljr 
portion the fossils are very abundant, as — 

Cardium. 

Modiola imbricata. 

Trigonia Moretonis. 

(>prina. 

Unicardium vaiioosum (Soto., sp.) 

Pholadomva lirata. 

Terebratula maxillata. 

Pecten annulatus. 

Lima cardioides. 

interstincta. 

Ostrea Bathonica. 

Pema quadrata. 

Natica. 

Turbo tuberculatus. 

Phasianella cincta. 

Nautilus. 

Acrosalema hemicidaroides. 

ft. 

3. Green and irregular sandy clays, fossiliferous, with layers of 

Ne(Bra and Pholadomya, abundant - - - - 5 

4. Marly, sandy and slaty rock, with Avicula and other shells - 2 

5. Dark green and bituminous, shelly clays, with Cytherta 

Netera, and Cyrena - - - - - 4 

Bituminous band - - - - _ . OJ 

6. Ck)mpact, sandy and marly rock full of Cardium, Cytherea, 

Neara - - - - - --2 

Variegated clays, bituminous, &c. ; these beds contain a zone 
of dark clays, with Cyrena Cunninffhamiy C, (sp. ?), and a 
species of Mactra - - - - - - 4 

3. Thracia, abundant. 

Modiola. 

Pecten lens, rare. 

Nesera Ibbetsoni. 

Pholadomya acuticosta. 

Lingula. 

Terebratula obsoleta. 

Anomia. 

Giyphsea nana. 



♦ Quart. Journ. Geoi. Soc, vol. ix. pp. 331, 332. 

t ** Tbe more solid portions of this bed have been recognised by Mr. Pbestwich, 
as being of frequent occurrence in the boulder clay of Norfolk and Suffolk." 
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4. Avicula and Modiola, much compressed. 

5. Nesraa. 
Anomia. 
Mactra. 
Cerithium. 

6. Cardium. 
Modiola. 
Nesera. 
Anomia. 
Pinna. 
Ostiea. 

Aatarte cuneata. 
Ofprina. 

'' Some fine saurian remains, obtained from this cutting, were presented by 
Mr. Rcnrnolds to the Museum of Plractical Geology. Among these remains^ 
which have been determined by Professor Owen, were the t3rmpanic bone of 
Cetiosaurus Umaus, the metatarsal bone of Cet. brevis, a fibula, and a fragment 
of a large vertebra." 

llie appearances presented b^ the Great Oolite Limestone and the under- 
lying clays of the Upper Estuarine Series are represented in Plate IX. 

The fossils collected by the officers of the Geological Survey in the Dane's 
Hill cutting are the following : — 

Fossils from the Dane's Hill Cutting, 

Area aemula, Phil. 

Cardium Stricklandi, Lye, 4* Mor. 

— subtrigonum. Lye. 4* Mor. 

sp. 

Ceromya concentrica. Sow. 
Cucullsea Goldfussii, Rom. 
Cypricardia Bathonica, d'Orb. 

rostrata. Sow. 

Cyprina Loweana^ Lye. Sf Mor. 
' nuculiformis, Rihn. 

Isocardia tenera. Sow. 
Lucina Belloxia, d'Orb. 
Modiola imbricata, Soto. 
Pholadomya deltoidea. Sow. 

Heraulti, Ag. 

Macrodon Hirsonensis, d'Areh. 
Trigonia oostata. Park. 

■• — Moretonis, Lye. Sf Mor. 

Anomia, sp. 

Gervillia aviculoides. Sow. 

^,sp. 

Ostrea Sowerbyi, Luc. Sf Mor. 
Pecten demissus, Phil. 
Pteroperna costatula, Desl. 

, sp. 

Perna qnadrata, Soto. 
Rhynchonella concinna. Sow. 
Terebratula maxillata. Sow. 
Serpula, sp. 
Cidaris, sp." 
Near Careby Mill we have the following section : — 

Pit in Great Oolite north-east of Careby Mill. 

fb.in. 

(1.) Soil 12 

(2.) Clay 2 6 

(3.) Oyster beds (0. subrugulosa, &c.) - - " ? 5 

(4.) Hard, compact, blue limestone, in courses - - 4 6 

(5.) Clay (to the bottom of the pit). 
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In the neighbourhood of Witham-on-the-Hill there are many pits exhibitini^ 
the beds of the Great Oolite Series, among which we may notice the following 
as yielding interesting sections : — 

Pit bettoeen Witkam-^m^the-HiU and Manthorpe, Stone dug for road-mettu. 

ft. in. 

(1.) Soa 9 

(2.) Oyster bed - - • - - - - 9 

(3.) Dark coloured, itiff day - - - - 2 

(^.) Oyster bed with layers of" Beef" - - - 9 

(5.) Marly parting. 

(6.) Oyster bed with layers of " Beef" - - - 1 

(7.) Marly parting. 

(8.) Oyster bed mth" Beef" - - - - I 6 

(9.) Oyster beds 13 

(10.) Marly parting. 

(11.) Bed of hard, solid, blue-hearted limestone, crowded 
¥nth shells, especially — 
Modiola imoricata. Sow. 
Pema rugosa. Sow. 
Pteroperna plana, Mor. 4* Lye 
Lima duplicata, Soto. 
Tngonia costata» Sow. 
Ostrsea subrugulosa, Mor. 4r Lye 
Strophodus (tooth). 
Pit a little to the north of the former. — ft. in. 

(1.) SoU 10 

(2.) Oyster bed 9 

(3.) Bed of stone 4 

(4.) White, marly oyster bed - - - - 1 

(5.) Drab, sandy oyster bed - - - - 6 

(6.) White,, marly stone - - - - - 2 

(7.) Sandy oyster bed 10 

(8.) Hard limestone - - - - - 6 

(9.) Mottled clay, containing many vertical plant-mark- 
ings and some great masses of carbonised wood - 4 
(10.) Soft, sandy stone, with many vertical plant-markings 1 6 

N.B. — ^These lower sandy beds exhibit many ripple-marked surfaces. Beds 
(9) and (10) probably belong to the Upper Estuanne Series. 

As already remarked, the beds of the Great Oolite Limestone 
where they outcrop towards their western limits are much more 
covered with Boulder Clay, and yield fewer illustrative sections than 
in the valleys of the Nene and Welland. Numerous outliers of 
the strata exist here, but, owing to the great prevalence of drift, the 
beds are seldom well exposed in them. 

Immediatelv soutn of the limits of Sheet 64 the strata of the Limestone 
series are well seen about Grafton Underwood, and between tiiat place and 
Sudborough, exactly on the edge of the area we are describing, there is a pit 
opened in a bed of white limestone made up of fragments of shells embedded 
in a marly paste and containing numerous fossils. This is probably the 
bottom bed of the series. 

By the roadside, half a mile east of Sudborough Church, a pit in the Great 
Oolite Limestone exhibits a thick bed of rock, somewhat oolitic (as in the Duke 
of Buocleugh's pit at Greddington Chase) and covered by an ovster-bed, with 
the usual characters, about 1 foot thick. Above the oyster-oeds there is a 
considerable thickness of variegated clays with stony bands, representing the 
Great Oolite Clays. The beds in this pit, which are just beyond the limits of 
Sheet 64, appear to be much disturbed. 

Some of the beds of limestone in this neighbourhood are coarsely flaggf - 
Thev consist of a shelly limestone, like the Forest Marble of the south of 
England, but have diffused through their masses a few oolitic grains. 
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The relations of the Great Oolite Limestone to the clays above and to 
the estuarine strata below it is well seen at many places about here. 

At the norUiem end of Geddington Chase, and not fax from the village of 
Stanion, we find the following very interesting section in the Great Oolite : — 

SecHon in Duke of BuccUugVs pit at Geddington Chase. 

ft. in. 

(1.) Sofl 6 

(2.) Boulder Clay, containing boulders of quartzite, coal 

measure sandstone, a few flints, but little or no 

chalk. Near its base traces of a gravel composed 

of Northampton Sand detritus are seen - - 3 

(3.) Variegated (greenish, bluish, and purplish) clay, in 

some places quite denuded awav - - to 1 
(4.) Pale greenish white marl, full or irregular, concre- 
tionary, hard, sub-crystalline, calcareous nodules, 
also of a pale greenish-white colour (weathering 
white; compan3)le with that at Ailsworth) - 6 
(5.) Green and variegated clay with carbonaceous mark- 
ings 

(6.) Grey, foetid, somewhat sandy, limestone 
(7.) Laminated, marly parting - - - - 

(8.) Extremely hard, sub-crystalline, drab limestone 
(9.) Marly parting . - - - - 

(10.) Marly bed abounding in "Beef" - 
(11.) Variegated, dark, carbonaceous days, finely stratified 
(12.) Finely-laminated marl with '' Beef " 
(13.) Hard, white, shelly limestone with many shells and 
an oyster-bed at the bottom, with 0. subntgulosa, 
Mor. & Lye. - - - - - 

(14.) Marly bed crowded with 0. Sowerbyi, Mor. & Lye. 

(15.) Clay Uke bed (11) 

(16.) Beds of hard limestone with few traces of marly 
partings. The limestone is sometimes compact 
and full of oysters, at others made up of com- 
minuted shells, and becomes in places very oolitic, 
thus simulating the characters of the Inferior 
Oolite. Near the bottom there are traces ap- 
parently of pebbles of compact oolite (like those 
seen at Bene&eld). This limestone contains wood 
Ostrtea Sowerbyi, Mor. & Lye, Echinobrissus clu- 
nucularis, Llhwyd, ^ E. 9p. - - - 6 

the bottom 
not seen. 
The beds in this pit show considerable signs of disturbance and dip S.W. 9^, 
Beds (2) to (12) probably belong to the Great Oolite Clays, the remainder 
to the Great Oolite Limestones. 

About Brigstock and Stanion both the limestones and oyster-beds of the 
Great Oolite are exposed at many points. Westward, about Gre^t and Little 
Oakley and at Pipwell, they are also seen, but do not furnish any very good 
sections. The best is that afforded by the Great Oakley brickyard, where we 
have 6 feet of Great Oolite Limestone, consisting of alternate courses, each 
about 1 foot thick, of Forest Marble-like stone, and marly oyster bands, con- 
taining Ostrea subrugtdosa, Mor. & Lye, and 0. Sowerbyi,Mor, k Lye. Under 
the rock occur black, carbonaceous clays and, still lower, light, variegated clays, 
both belonging to the Upper Estuarine Series. 

Outliers. — Northwards, both in the outer line of outcrop and in 
the numerous outliers at Weldon, Dene, Bulwick, Blatherwycke, 
Laxton, Wakerley, Duddington, Barrowden, Ketton, Stamford, 
Ryhall, Pickworth, Aunby, Holywell, Clipsham, Little Bytham, &c., 
we find many exposures presenting repetitions of the characters 
which we have already so fully illustrated ; but deep or continuous 
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sections seldom occur. We have already remarked upon the general 
uniformity in character of the beds of this formation over large 
areas. 

The position of the beds of the Great Oolite Limestone, above 
the clays of the Upper Estuarine Series, causes the spurs and 
outliers composed of these formations to assume a very marked 
tabular outline/ which is sufficiently pronounced to give a dis- 
tinctive character to the scenery of tms district; as is illustrated 
in several of the plates in this volume. 

The marly limestones of the Great Oolite are highly esteemed 
for burning into lime, both for building and agricultural purposes, 
and it is mus very largely employed wherever it occurs. The more 
solid beds are frequently used locally for building stone, and at a 
few points, as at Oundle and Geddington Chase, it is susceptible of 
being wrought as a freestone. As a general rule, however, the 
limestones of the Great Oolite of this district cannot compete with 
those of the Inferior Oohte for building and architectural purposes, 
though they are preferred to the latter as a source for lime. 

The beds of the Great Oolite Limestone in this area give rise 
to the formation of a soil usually of a black colour, but occasionally, 
from accidental circumstances, of the same red tint as that of the 
Cornbrash and Lincolnshire Limestone. Owing to the admixture 
of calcareous and argillaceous materials in them, the soils of this 
series are considered to be of much higher value than those of 
either of the other two limestones of the district, which are much 
lighter in character and in seasons of drought are apt to prove very 
treacherous to the farmer. 

The Great Oolite Clays. 

This is a series of variegated, blue, green, yellow, and purplish 
clays, often containing bands of irregular whitish or paie-green 
calcareous concretions, and, not unfrequently, ironstone in the 
form of septaria or in branch-like concretions. These beds are 
very variable in thickness, attaining a maximum of from 20 to 30 
feet. They are usually very barren of fossils, but such as do 
occur show that their affinities are with the Great OoUte Lime- 
stones below. Occasionally thin seams are found almost entirely 
made up of the shells of a small Placurumsis (P. sodalis, Mor. & 
Lye), and, much more rarely, bands with Ostrea Sotcef^byi, Mor. 
& Lye, and O. subrufftdosa, Mor. & Lye It is not improbable 
that these beds are, in part at least, of estuarine character. They 
are now mapped separately for the first time ; for though they 
occur far to the southward of this area, yet they are often reduced 
to such insignificant proportions that they have not been separated 
on the Survey Maps from the rest of the Great Oolite. 

Occurring, as these clays do, between the hard rocks of the 
Cornbrash and Great Oolite Limestones, they give rise to a steep 
slope between two plateaux ; in the same manner as is the case witn 
the Upper Estuarine clays lying between the Great and Inferior 
Oolite Limestones j the constant appearance of this feature is very 
characteristic of the scenery in a great part of the country in- 
cluded in Sheet 64. 



THE GBEAT OOLITE. 215 

In former times the ironstones of these beds were frequently dug 
and smelted ; and some years ago a considerable Quantity was 
raised at Bottlebridge, near Overton Longville, on tne estate of 
the Marquis of Huntley ; but the quantity of material requiring 
to be removed to obtain the ore led to the abandonment of the 
workings. At New.England, near Peterborough, and at Bedford 
Purlieus, the clays are dug for brick-making. 

Extent. — Although this argillaceous formation certainly exists in 
the country to the southwards, and sometimes indeed presents a 
considerable thickness of strata united with features of great geo- 
logical interest, vet it has been found impossible by the officers 
of the Geological Survey, so inconstant is it in thickness, and so 
irregular and variable in its mode of occurrence in that district, to 
map it as a distinct series. Throughout Sheet 64, however, its 
chiu*acters having iicquired greater uniformity, and its presence 
being so persistent, it has been thought advisable to represent its 
outcrop on the map by a distinct cobur. This was felt to be the 
more necessary, as its mineral characters, so difiTerent from those of 
the Great Oolite Limestones below it, and the Combrash above, 
and the consequent peculiarities of the soil which it produces, 
taken in connexion with the marked features in the contours of the 
district which the occurrence of a series of soft clays between the 
two limestone deposits, have caused us to attach an importance to 
it beyond what its thickness or palseontological characters would 
at first sight seem to warrant. 

In carrying the geological lines northward from' the typical 
district of the Cotteswold Eills, the surveyors found it impossible 
to define the limits of the Forest Marble beyond the neighbour- 
hood of Banbury. In the whole of the South Midland district, 
though the two well-marked and persistent limestone series of the 
Upper Zone of the Great Oolite and the Combrash are often sepa- 
rated by beds, occasionally of some thickness, of clay, sand, or 
ironstone, yet these are so mconstant in character, and so irregular 
in thickness, that it has been thought advisable rather to include 
them with tiie formation lying below it^ than to attempt a separa- 
tion of them as indicating a strict horizon. 

As shown by Professor Phillips, the Forest Marble towards its 
northern limits occasionally assumes Estuarine characters, contain- 
ing Cyrena and other fresh-water shells. In the Great Oolite Lime- 
stone, which m^ perhaps be regarded as a more northern expansion 
of the Forest Marble, and certainly occupies the position of that 
formation relatively to the persistent members of the Great Oolite, 
the estuarine characters of the strata appear to be even more 
pronounced. 

In the case of the clays of the Great Oolite, the beds of which 
are seldom of any economic value, it is very seldom that we obtain 
any clear sections. Sometimes its lower beds are seen at the top 
of pits opened in the Great Oolite Limestones, and occasionallv 
quarries in the Cornbrash expose its upper members. These, with 
a few railway-cuttings, occasional field-arains and wells, and one or 
two pits in which its clays have been dug for brick -msikin^ or its 
ferruginous bands for ironstone, aiford almost the only means which 
we have of studying the characters and succession of the beds which 
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compose this formation. The general line of its outcrop, however, 
is very clearly defined, owing to its difference of character from 
the limestone strata which lie respectively above and below it. 

At Wadenhoe the position of the clays of the Great Oolite is veiy dearlj 
defined, thouf(h it is evidently quite thin, and throughout the south-eastern 
part of the area, in the valley of the Nene, so insignificant do these beds 
here appear to be, that no attempt has been made to represent them, as a 
distinct formation, on the map. In a pit at Pilton Lodge, however, the clays 
are well exposed, and are seen lying on the top of the Great Oolite Limestones. 
As illustrating the thinness of all the beds of the Great Oolite Series here, 
I may cite the following estimate of them which I made near this point : — 
Combrash. 

Clays 6 feet. 

Great Oolite limestone - - - - - 15 feet 

Clays of Upper £stuarine Series. 
The clays of the Great Oolite are seen near Lilford Lodge in Lilford Park, and 
again near Barnwell Castle, and in the Barnwell railway-cutting (see p. 204). 
At all these places they appear to consist of dark-bluish and greenish mottled 
clavs, in some places crowded with carbonaceous markings. At some points 
light-blue, more or less sandy clays, greatly resembling those of the Upper 
Estuarine Series, appear in their midst. 

At Oundle the thick beds of the Great Oolite Limestone are in places seen 
to be covered with masses of blue clays : and at some points in this neighbour- 
hood nodular bands of ironstone occur in these clays. 

In a pit west of Oundle we find the following interesting succession of 
beds : — 

(1.) Combrash rubble. 

(2.) Beds of very stiff day, dark-blue, greenish, and mottled, about 1:3 

feet. 
(3.) Ferruginous band. 

(4.) Clay bed, containing large crvstals of selenite. 
(5.) Oyster beds. 

(6.) Tnick beds of hard stone dug to a considerable depth. 
The beds (2), (3), and (4) evidently belong to the Great Oolite Clays. 
In the vallevs leading up from Oundle to Church Field Farm and Benefield, 
the clays of tne Great Oolite can be traced at a number of points ; and near 
Oundle Wood the nodular ironstones which it contains appear to have been 
worked by the Ronums and smelted. 

North-east of Benefield the clays of the Great Oolite assume locally a some- 
what sandy character ; they are stained with oxide of iron, and contain some 
of the common Combrash and Great Oolite fossils in certain marine bands. 

In the valley between Upper and Lower Benefield we find a pit affording a 
very interesting section of the higher beds of the Great Oolite Series, as 
follows : — 

fk. in. 
(1.) Soil, "loess," and river gravel - - - -3 

(2.) Combrash mbble - - - - • - 2 

(3.) Variegated clay (with a band of ironstone nodules at its 

base) - - - - - - - 3 6 

(4.) Oyster beds, in places becoming fenruginous - - 2 

(6.) Clay band 10 

(6.) Hard and coarse Forest-Marble-like limestone ; the lowest 
bed, which comes out in large slabs, exhibits much false 
bedding, is crowded with shells, and contains fragments, 
generaUy angular, of compact limestone - - - 9 

(7.) Clay. ^ 
The Great Oohte clavs are here evidently very thin and insignificant, and 
hence no attempt has been niade to separate them on the map in this part of 
the district. 

On the road between Southwick and Glapthom the Combrash is hidden hj 
drift, but the sandy and ferru^nous beds, at its base belong ng to the Gmt 
Oolite Clays, were well exposed m a deep road-cutting at the time of the survex 
of the district. 
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As we go northwards towards the central portion of Sheet 64, the da^ of 
the Great Oolite, though greatly obscured hy arift deposits, evidently begin to 
acquire greater thickness and importance, and it has been found possible to 
represent their outcrop on the map. Below Calvey Wood, on the Walk of 
Morehay, the days are seen below the Combrash, and are found to contain 
numerous branch-like concretions of brown oxide of iron, like those of the 
equivalent beds at New England, near Peterborough. 

On Bedford Purlieus a pit known as *' the Duke*s brickyard " was opened 
in the days of the Great Oohte. They here seem to ofPer the usual characters, 
but the state of the pit was such at the time of the survey of the district 
as to preclude the possibility of my obtaining anjr clear section of the beds, 
llie presence of the Great Oolite days was proved in several wdls opened on 
the Bedford Purlieus ; and between Elton and Holbom Lodge, on the opposite 
side of the Nene valley, a well indicated a thickness of 14 to 15 feet lor this 
formation (see ante, page 207). 

The Great Oolite clays were exposed in the deep railway-cuttings at Wansford 
tunnd ; and a little to the southwards I saw some excellent exposures of them 
in a number of field-drains. They here consist of a series of very stiff, bluish, 
and occasionally greenish clays, of varying depth of tint, and containing 
numerous masses of white, argillaceous, shelly (concretionary ?) limestone, which 
weather to a white colour on their exterior, lliese yidd a few marine fossils of 
Great Oolite species. Towards their base the beds are almost wholly com- 
posed of these shelly and sulMnrystalUne limestone masses. The shells in them 
appear to be always firagmentary, and for the most part indeterminable. Above 
these are beds of clay, crowded with small shells, including Plaeunopns socialU, 
Lye. & Mor. in great abundance, with T&rebratultB ana Os/rme. The indu- 
rated and calcareous condition of the lower beds of the Great Oolite clays may 
be observed at a number of points in this district. 

At the east end of Sutton Wood also, a series of field-drains afforded good 
exposures of the Great Oolite days. They were found to consist of li^ht-green 
and light-blue clays, very tenaceous in character, and containing irregular 
fragments of compact, argillaceous limestone. These concretions sometimes 
contain crystalline centres, and exhibit on fracture a pale greenish colour. No 
fossils were seen in them at this place. 

At a weU near some new cottaj^es at the western end of the village of Help- 
stone, I found the following section :— 

(1.) " Bearing " of soil and clay. 
(2.) Base of Combrash, 



(3.) Blue clay (Great Oolite Clays), 13 feet. 
(4.) 



Ferruginous rock, yidding an abundance of water, which was, how- 
ever, unfit for drinking purposes. 

The wells sunk at various points round Milton Park show the Great Oolite 
Clays to have here a thickness of from 15 to 30 feet, and to be very variable in 
character. The beds were generally light or dark-blue in colour, somewhat 
sandy, and contained balls of ironstone. 

At the railway-cutting near Overton Longville, at a olace called Bottle- 
bridge (St. Botolph's Bridge), the clays of the Great Oolite were exposed 
between the Comorash and Great Oolite Limestones. At this place the late 
Marquis of Huntley commenced digging the ironstone-balls, which form four 
bands in the midst of the dark-blue days. The ironstone in the upper bands 
was soft and of a dark-brown colour, owing to weathering action, but in the 
lower bands were of a greenish-white colour, and unoxidizc^, and every 
gradation between these two varieties occurred. The ironstone is said to have 
been cf good quality, and between 100 and 200 tons of it were sent to 
WeUiogborough to be smelted. Its exploitation was soon abandoned, owing 
to the quantity of material which had to be removed to obtain the nodules of 
ironstone. 

( was infoimed by the late Dr. Porter that in an excavation for the New 
England Gasworks, near Peterborough, the clays of the Great Oolite were 
found to have a thickness of 22 feet. At New England, near Peterborough, a 
brickyard has been opened in the clays beneath the Cornbrash. llie succession 
of beds here is as follows : — 
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(1.) Brick-earih, ftiU of tenestrial and fresh-water shellfl ; very 

variable in thickneas - - - - -liodfk. 

(2.) Gravel to 4 a 

(3.) Ck)rnbra8h. 

(4.) Mottled, greenifib, and bluish clays, with bands of iron- 
stone nodules, and thin, stony bands crowded with 
marine sheUs. 

The ironstone nodules in this pit when broken are often found to have their 
cavities filled with water. 

At Orton, near Peterborough, the thickness of the days of the Great Oolite 
was found, in a well, to be only 13 or 14 feet. 

North of the valley of the Welland, the clays of the Ghreat Oolite were ex- 
posed in a number of field-drains at Firewards Thorns. Farther north, the 
beds may be traced at many places between the limestones of the Combrash 
and the Great Oolite, everywhere giving rise to a marked feature in the mxriBce 
contours, but not presented to study in any open sections. 

The only point on the main line of the Great Northern Railway where the 
Great Ooute Clays were exposed is the Banthorpe cutting, 'which is thus 
described by Professor Morris :— ' 

" The upper part of the Banthorpe cutting (next in order) consists of about 
7 to 9 feet of Cornbrash rock, containing the characteristic fossils, and 
overlying a dark tenacious clay, sometimes laminated with shelly layers, below 
which, and forming the base of the line, is 7 feet of compact sheUy bluish 
rock, occasionally sandy, and becoming shaly, full of Ostrea, GerviUiat and 
Afficula.'* 

Along the western line of its outcrop, and in the numerous outliers of ihe 
G{eat Oolite Series, we find but few interesting exposures of the argillaceous 
strata we are describins. At the great pit at Geddington Chase, already fully 
described (vide page 123), the formation can be adimrably studied. It is in 
this place seen to consist of variegated and carbonaceous days, with band of 
argillaceous limestone, and fibrous carbonate of lime {** beef''). It here greatly 
resembles, as do also the Upper Estuarine beds, the starata of the Purbeck and 
Punfield series. 

The clays of the Great Oolite Series are not of great importance 
in an economic point of view. As we have already seen they are 
employed for brickmaking at Bedford Purlieus and at New England 
near iPeterborougk, while at several localities in ancient times^ and 
at Bottlebridge, near Overton Longville, in recent years, small 
quantities of the ironstone bands have been raised for smelting. 

The beds of this formation give rise to a cold and wet soil, 
very similar in character to that of the lower beds of the Upper 
Estuarine Series. Fortunately, however, they do not occupy any 
considerable areas in the district, but form only the short slopes 
between the Cornbrash and Great Oolite limestones ; and even in 
these, the unkindly nature of the soil is usually somewhat tempered 
by the downwash from the overlying strata. Some of the tracts 
occupied by the beds of this division of the series have only recently 
been brought under drainage and cultivation. 

The Cornbrash.. 

This, the highest member of the Lower Oolites, presents well 
marked characters, which it retains throughout a great part of 
England. In the district described in the present Memoir it never 
exceeds 15 feet in thickness and is often much less. It consists of 
a somewhat ferru^nous limestone usually very fossiliferous. When 
dug under a considerable thickness of clay this rock is of a blue 
colour, exceedingly hard, and can only be quarried by blasting; 
but when it has been weathered it breaks up into fiat masses of 
a light brown colour, each of which is usually coated with stalag- 
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mite; in tbis condition the appearance of the rock in section 
has been not inaptly compared to that of a loose stone waU or 
field-dike. Some of the beds of the Combrash are often of a 
softer and sandier texture, and from these the fossils are most 
readily extracted. At the top of the Combrash and at its junction 
with the Middle Oolite we usually find an oyster-bed composed 
of the great 0. Marshiiy Sow., an ouster which never occurs m the 
Great Oolite limestone below. The yarious forms of Ammonites 
Herveviy Sow., and A. macrocephalusj Schloth., are also yery abundant 
in and characteristic of the Combrash ; while another Ammonite, 
A. diicusy Sow., also occurs in it, but is exceedingly rare. Many 

Sides, especially those of the Myadwj abound equally in the 
robrash and the Great Oolite, but some forms by their 
great abundance serve to characterise the Combrash ; such are 
Echinobrissus clunuctdariSf Llhwyd sp., E. orbicularis, Phil. ep.j 
and Holectyjms depressus, Leske, amons Echinoderms; Terebratvia 
obaeaia, Sow., ana T. lagenalisy SchlotL, among the Brachiopoda ; 
and Aticula echinatoy Sow., and GertiUia cmculaidesy Sow., among 
the Conchifera. 

The Combrash is found cropping out along the sides of many 
of the valleys and also as outuers capping certain hills. To the 
north and west of Peterborough it covers a considerable area, risine 
gradually from the level of the Fen till it forms the high ^ound 
of Castor Heath. At Stilton, on the edge of the Fen, a small patch 
of Combrash is brought in by a fault, and occurs as an inlier. 

The Combrash does not yield a good building-stone, but it is occa- 
sionally used for rough walling ; 1 have found that in Peterborough 
Cathedral all the coarse work, which is out of sight, is constructed 
of Combrash, on which formation the edifice stands. On account 
of its hardness the Combrash is everywhere much sought after as 
a material for mending the roads, and it is occasionally, though 
very rarely, bumt for lime. The rock, from its fermginous 
character, makes a red soil ; but in this district it does not enjoy 
the reputation among agriculturists which it has in the South of 
England, and to which it is indebted for the name it bears. It 
seems to be rather to the contrast afforded by the more kindly soil of 
the Combrash in the south-westem parts of England as compared 
with the light and treacherous coverings of the other limestone 
formations of the Oolitic series, and the cold intractable clays 
which alternate with them, that the great agricultural reputation 
to which the former stratum owes its designation is due. 

Extent. — ^We have already remarked upon the uniformity of the 
characters and fossil contents of the Combrash limestone from 
Dorsetshire and the Cotteswold Hills, along the whole line of its 
strike, till it disappears in North Lincolnshire. We have also seen 
that the so-called Combrash of Yorkshire is not a stratum con- 
tinuous with that with which we are dealing, and does not perhaps 
represent precisely the same geological horizon. 

Owing to the great number, vanety, and beauty of their fossils, 
the thin limestone beds of the Combrash have attracted much 
attention from geologists. lists of the species found in diis forma- 
tion, as developed in the Cotteswold Hills, have been published by 
Professor Buckman and Drs. Wright and Lycett. The fauna of 
the same beds in Oxfordshire has been illustrated by Professor 
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Phillips, who has also given a catalogue of the species. As a 
considerable tract of country intervenes between the area to which 
the list of Professor Philltps refer, and those included in the de- 
scriptions of this Memoir, I avail myself of the opportunity of giving 
a very complete list of the fo^Is of the Combrash as developed in 
the neighbourhood of Rushden in south Northamptonshire. The 
rock in the neighbourhood of Rushden is remarksLoly fossiliferous, 
and during many years the mi^ at this place were subject to very 
diligent search by the Rev. A. W. Gkiesbach, to whom geologists are 
indebted for the discovery of a great number of interesting new 
forms. To Mr. G. Sharman, the present Assistant-palsBontologist 
of the Geological Survey, I am indebted for the following list of 
species collected at Rushden, and now in his collection, which 
will be useful for comparison with thoee of the northern and 
southern areas respectively. 

Fossils from the Combrash of Rushden, Northamptonshire, 

Anabacia orbolites, D'Orb,, E. and H. 

Alecto gracilis. 

CeUepora, bd. 

Diastopora (Berenicea) diluviana, MUne-Edw. 

Millepora straminea, Phil. 

Pentacrinus, sp. 

Pseudodiadema pentaffonum, McCoy, 

Acrosalenia spinosa, A^ass, 

StomechinuB mtermediuB, Apass, 

Pedina rotata, Wright, 

Holectypus depressus, Leske, 

Ecbinobrissus clunicularis, Llkwyd, 

quadratuB, Wright, 

■ orbicularis, Phil, 

Clypeus Mullen, Wright, 
PyguruB Michelini, Cotteau. 
Goniomya literata. Sow,, Mor, 4r Lgc, 
Myacites, sp. 

securiformis, Phil, 

Gresslya Deregrina, Phil. 
Quensteotia kevigata, Phil, 
Umcardium impressum. Lye, ^ Mor, 
Astarte elegans. Sow, 
Pholadomya Murchisoni, Sow. 

Heraulti, Ag, 

, sp. 

Ceromya concentrica, Sow. 

Isocaraia, sp. 

Cardium dissimile, Phil, 

■ — citrinoideum, Phil, 
Trigonia clavellata. Sow, 

costata, Sow. 

puUus, Sow, 

-^— — elongata. Sow, 

impressa, Sow. 

tuberculosa. Lye. 

Cypricardia Bathonica, D^Orb, 
Avicula echinata. Sow, 

Miinsteri, Gold/. 

Lucina rotundata. Homer (?). 
Mytilus cuneatus, Sow. 

imbricatus. Sow, 

Lonsdalii, Mor, 

•;;- Sowerbvanus, lyOrb, 

Gervillia aviculoides. Sow, 
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Lima pectiniformis, Sehhth. 

rigidula, PhU. 

— ^ ovalisy Sow. 

duplicata, Sow, 

gibbosai Sow. 

sp. 

Hinnites abjectus^ Phil. 
Pecten lens. Sow., Mor. 8f Lye. 

aicuatuSf Sow., Mor. if Lye. 

anisopleurus, Buv. 

per^pinus, Mor. 

Pecten demissiu, PhU. 

letiferas, Mor. 

Ostrea Marahii, Sow. (O. flabelloides. Lam.). 

sp. 

Chemnitzia vittata, PhU. 

Natica, sp. 

Pleuzotomaria granulata, Sow. 



Terebratula intennedia. Sow. 

orniihooephala. Sow. 

obovata. Sow. 

— — Bentleyi, Mor. 
— — cardium. Lam. 
Rhyncbonella morierei, Doo. 
" ■ concinna. Sow. 

Ammonites discus. Sow. 

Herveyi, Sow. 

macrocephalus, Schloth. 

Nautilus, sp. 

Plesiosaurus (paddle bone). 
Fish (palatal teeth, several fonns). 
Astacus zostratus, Phil. 
Wood. 

The Corabrash, forming as it does the highest portion of the Great 
Oolite series, follows in its outcrop the same general lines as those of 
the other members of that formation in the district which we are 
describing. It is, however, even more obscured by the overlapping 
masses of Boulder Clay and drift than the subjacent formations. In* 
deed it may be regarded as certain that the extent of country occupied 
by the rocks of the Combrash is considerably less than that repre- 
sented on the map as belonging to it This arises from the fact that, 
being the last deposited bed before the great mass of argillaceous 
strata of the Oxford Clay, it is frequently recognised outcropping 
from below the drifts, in positions where we should be able to detect 
no traces whatever of softer rocks. Some of the great outliers of 
Combrash are almost certainly capped, to a greater or less extent, 
by beds of the Oxfordian series, but as no positive evidence of the 
presence of these, and much less of their extent and boundaries, 
could be obtained in these drift-buried districts, no attempt has 
been made to represent them. In one case, however, namely, that 
of the outlier between Fineshade and Einffs Cli£fe, recent excava- 
tions for a railway have furnished Mr. Monckton of Fineshade 
'and Mr. Sharp of Dallington, as the latter gentleman has kindly 
informed me, with proofs of the undoubted existence of a mass of 
Oxfordian beds lying upon the Combrash. 

Excepting near Sudborougb, the outer line of the outcrop of the CJom- 
brash is entirely concealed by an enormous mass of Boulder Clay, in many 
places probably not less than 200 feet thick. Hence, as indicated by the 
32108. P 
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dotted lines, this part of its range on the map is purely hypothetical. Where, 
however, the beds appear at a lower level and are exposed along the sides of 
the valley of the Nene and its tributaries, we have a number of interesting 
sections, which serve to sufficiently illustrate the characters and fossils of the 
formation in the district. 

Immediately to the south of the limits of Sheet 64, between Thorpe, and 
Wigstiiorpe, the Cornbrash is dug at a place known as " Stone-pit-field." 
About Acnurch and above Wadenhoe the outcrop of the beds can be clearly 
traced altiiough no good sections of them are exposed. 

At a reservoir behind a farm-house at lilford, the base of the Ck>mbra8h 
was seen resting on the variegated clays of the Great Oolite. At Lilford 
Lodge there is a pit which exposes the rock, with its usual petrological 
characters and yielding the followinff fossils : — 
Avicula ecminata, Soio. 
Mvacites decurtatus, PkU, 
In a pit in the Cornbrash, south of the village of Barnwell All Saints, we 
find the following section : — 

ft. in. 
(1.) SoU with pebbles - . - - - 2 

(2.) Fine gravel - - - - - 1 to 2 

(3.i Oxford Clay ? (very irregular) - - to 1 

!4.) Sandy limestone - - - - - 1 3 

5.) Hard compact limestone - - - - 1 6 

to bottom. 

(5.) is a very hard, blue-hearted limestone which contains the usual fossils ; 
it is seen again in the bed of the stream at this place. 

Another pit in the Cornbrash is seen south of Barnwell Station, the rock 
here contains spNBcimens of Ostrea MarshU, Sow., of neat size. 

At various points around the town of Oundle, and especially in the sides of 
the tributary valleys which are connected with that of the Nene, we find a 
considerable number of exposures of the Cornbrash beds, but nowhere affording 
sections of sufficient completeness or interest to call for their detailed de- 
scription in this Memoir. The following list of the fossils collected at the 
various pits in this immediate neighbourhood will give a sufficient^ clear 
idea of the general character of the Cornbrash fauna in the southern part of 
our district. 

List of fossils collected from the Cornbrash in the neighbourhood of Ornndle, 

Ammonites Herveyi, Sow, (small and rare). 
Trigonia elongata, Sow. (abundant and characteristic). 

sp. (casts of a probably new species). 

Moretonis, hyc, Sr laor, var. 

Goniomya literata. Sow. (abundant). 
Isocardia tenera. Sow, (abundant). 

* sp. 

Pholadomya deltoidea. Sow. (abundant). 
lyrata, Sow. 

Modiola imbricata. Sow. 

Lima irigidula, Phil, (abundant). 

Pecten lens^ Sow, 

vagans, Sow. 

inteauicostatus, Phil. 

WoUastonensis, Lye. 

clathratufi? Soto. 

Avicula echinata. Sow, (very abundant and highly characteristic) 

Braamburiensis? Sow, 

Gryphsea mina, PhU, 

Ostrea Marshu, Soto. (O. flabelloides. Lam,) (abundant and chancteristic). 

acuminata, Sow, (rare). 

Sowerbyi, ikfor. ^ Lye, (rare). 

Terebratula obovata, Soto, (coknmon). 

varieties passing into T. digona ? Sow. (very abundant). 



THK aREAT OOLITE. 223 

Terebratula omithocephals. Sow,, many varieties (very abundant). 

, mazillata, Sow, (rather rare and never large). 

Bentleyi; Dav. (rare). 

Rhynchonella condnna, Sow. sp. 
Echinobrissiu dunicularis, Llkwyd, 

— orbicularis, PhU, 

Holectypus depressus. Lam, 

In the valley by Ohurch Field Lodge the beds of the Combrash are fairly 
.well exposed and' yielded the following fossils : — 

Fossils from the Combrash, at Church/ield Lodge near Oundle. 

Astarte, sp. 
Isocardia tenera, Sow, 
Lucina, sp. 

Modiola imbricafca. Sow. 
Myacites securiformis, Phil. 
Pholadomva deltoidea. Sow. 
M;pcite8 aecurtatus, PAt7. 
Trigonia elongata, Sow. 
■ Mor^nis, Lye. Sf Mor. 

I sp 



Avicula echinata. Sow. 
Gervillia aviculoides, Sow. 
Peoten demissus, PMl. 

vagans. Sow, 

Ostrea Marshii, Sow, (O. flabelloides. Lam.) 
Terebratula obovata. Sow, 
Echinobrissus clunicularis, Llkwyd. 
Acrosalenia, sp. 

Near Polebrook the Combrash is dug under the Oxford Clay« and conse- 
quently the rock, instead of presenting its usual reddish-brown colour and 
rubbl^ character, is very hard and compact, and of a dark-blue colour. Its 
identity, indeed, might at first sight seem doubtful, but for its geological 
relations and the foUowing fossils which it yields : — 

Trigonia elongata. Sow, 

Mc^ola Sowerbyana, UOrh, 

Lima rigidula, Phil. 

Avicula echinata, Sow, 

Pecten (several spedes). 

Ostrea Marshii, Soto. (O. flabelloides. Lam.) 

Echinobrissus clunicularis, Llhwyd, &c. 
Near the same place Mr. Richard Gibbs collected the foUowing fossils : — 

Fossils from a pit in the Combrash at the Cross-Roads half a ndle west of Pole- 
brook. 

Chemnitzia, sp. 

Gresslva peregrina, Phil. 

Ldthodomus inclusus, Phil. 

Myacites decurtatus, Phil. 

^ securiformis> Phil. 

Pholadomva deltoidea. Sow. 

Avicula echinata, Soto. 

Pecten demissus, Phil. 

— vagans, Soto. 

Serpula, sp. 

Ecmnobrissus clunicularis, Llhwyd. 

' orbicularis, Phil. 

On the opponte, or western^ side of the None vaUey the CJombrash is 
exposed in s number of small pits, &c. about Liveden, being here, however, 
much obscured by drift. 

Between Aahton and Elton the Combrash outcrop can be dearlv traced at 
a numbor of points, but the beds are here much obscured by the valley gravels. 

p 2 
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Good stone for road-metal was formerly dug below the gravels at the entrance 
to the village of Warmington. There were also at one tune extensive pits on 
the south side of the same village, where CJombrash with its usual characters 
and fossils was dug under a thickness of 14 or 15 feet of graveL The stone 
is still well seen at the side of the road, and at the time of tl&e survey was 
exposed, together with the clays beneath it, in a number of field-drains. 
At several other points in the neighbourhood, the Combrash has also been 
quairied under a considerable depth of gravels. There is a pit in the rock 
opposite to Elton Church. 

On the opposite side of the Nene valley the Combrash with its usual fossils 
is weU exposed on the south side of Cotterstock Wood. About Glapthome, 
Southwick, and Benefield the rock can be traced at many points in the lateral 
valleys of the district, outcropping from below the drift, but good sections are 
rare. 

The valley of the Billing Brook exposes the Combrash and the estuarine (7) 
sandy clays beneath it at several points : and about Water Newton Lodge tiie 
formation is admirably displaced. The rock is here crowded with the usual 
fossils, and I found in it a specunen of Ammonites discus. Sow., which is so rare 
a species that only one other example of it came under my notice during the 
survey of the whole district. 

Between the valleys of the Nene and Welland, from Wansford to Peter- 
borough, the Comlnrash covers a very considerable area. Indeed, there is 
perhaps no tract of equal extent occupied by the beds of this formation in the 
whole country. The general a^cultural poverty of the Combrash in this 
area is shown by the fact that this large district occupied by it remained till 
quite recently in the condition of an open heath, and even now considerable 
portions of it have not yet been enclosed. Everywhere over the tract the red 
character of the soil formed by the Combrash is very conspicuous and striking. 
One small outlier of Oxford Clay, sreatly obscured bv drift, occurs capping the 
Combrash of this extensive tract, \iiiich is cut o£P and, to some extent, bounded 
on its northem side by the Great Tinwell and WaJton Fault. To the eastward, 
the Combrash is found gradually dipping under the days of the Oxfordian or 
Middle Oolite Series, which to so great an extent underlie and constitute the 
foundation of the Fenland. 

Between Chesterton and Peterborough, on the south side of the Nene valley, 
. many exposures of the Combrash are seen about Alwalton, Overton Water- 
ville, Overton LongviUe, and Woodstone, the beds here, however, offer no 
features of interest. 

At Ailsworth Heath the Combrash rock is seen, crowded with the usual 
fossUs, and among these I found a specimen of the rare Ammonites discus of 
Sowerbj, 2i inches in diameter, and some exceediuffly large examples of lAma 
pectini/ormis, Schloth. (L. proboscidea. Sow.). About Helpstone the Com- 
orash is thrown down by the ^preat fault, and in oonseouence it is found 
occurring in very unexpected situations, and often exldbiting signs of con- 
siderable disturbance. On the west side of Rice Wood there ii a pit containing 
a limekiln ; but though the rock exhibits its usual characters, the fossils were, 
for the usually prolific Combrash, extremely rare. The following species 
were, however, collected by me : — 
Belemnites, sp. 
Goniomya v- scripta, Sow, 
Mjracites decurtatus, Phil. 
Avicuk echinata. Sow. 
Ostrea Marshii, Sow. (O. flabelloides. Lam,) 
Terebratula obovata. Sow. (several varieties). 
At the westem part of Helpstone we find several pits in the Cornbrasb, the 
rocks being covered with clay and consequently very hard and durable. We 
have here the following section :— 

ft. in. 
(1.) Clay (drift or reconstrocted Oxford Qay) - - 4 

(2.) Soft, sandy layer full of specimens of Ostrea Marshii, Sow. 
(3.) Hard, compact or shelly, blue limestone - - 5 or 6 

(4.) Soft, sandy bed of limestone, resting on indurated, blue 
day. 
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The bed (2) seemB to be tolerably penistent wherever the top of the Corn- 
brash is exposed, which is not very frequently the case. The existence of 
oyster beds with tiie luge plicated oyster, forms, as we have already seen, a 
striking contrast between the Combash and the Great Oolite Limestone; in which 
latter^ beds of the Uttle 0. Sowerbyi, Lye. & Mor., and O. aubntgtUosa, Lye, 
abound, while 0. Marshii \a unknown. That these variations in distribution 
of species are due to differences of condition, rather than to changes of fauna, 
is shown bv the fact that the normal form of 0. Marshii occurs in the rag- 
stones of tne Inferior Oolite, while varieties of it are found in the freestones of 
the same formation in the Cotteswolds and in those of the Lincolnshire 
Limestone. 

The fossils in these pits about Helpstone are numerous, and include very 
large specimens of Ammonites macrocevhalus, Schloth., in which, as is the 
habit of the species, the exterior ribs ana tubercles entirely disappear from the 
outer whorls m the adult sta^e, so as to give the shells the appearance of vast 
NmMi, for which they have been fre(]uently mistaken. Some univalves, forms 
which are usually rather rare in this formation, also occur in the Combrash 
at this place. 

In the opening at the side of Hilly Wood, close to the great fault, and where, 
in consequence, the beds are seen to be greatly disturbed, the bed of Ostrea 
JIfarsAti, before referred to, is well seen lying on the top of the Cornbrash 
limestone. The beds here generally dip to the north (or away from the up- 
throw of the great foult), the average amount of their inclination beins 15^ ; 
this is, however, very variable, and in one place is seen amounting to 65 , while 
not far off the beds are vertical. The beas of the Combrash are also exposed 
at several other points around Hilly Wood. There is also a good pit in the 
Combrash, here exhibiting its usual characters and fossils, near Lawn Wood. 

A pit on the south-west of Helpstone gave the following section : — 

ft. in. 
(1.) Soil and gravel - - - - - 2 

(2.) Oxford day (trace) to 9 

(3.) Sandy bed, crowded with Ostrea Marshii, Sow. 

Variable in thickness, up to- - - -10 

(4.) Clay parting ---.-- 
(5.) Stone beds of the Combrash ... - 3 seen. 

In some of the Combrash pits about Helpstone large quantities of fossil 
wood occur; these are evidently fragments of drift timber, and frequently 
exhibit serpulse, and other marine shells attached to them. Here, too, I found 
a remarkably fine sperimen of Ammonites macroeephalus, Schloth., having a 
diameter of I foot o inches, and a thickness of over 8 inches. The outer 
surface, as in all adult examples of this species, was quite smooth and destitute 
of ornamentation, and the masses of oysters and serpula with which it was 
covered indicated that it had long driftea on the sear bottom. 

South-east of Helpstone the beds of Combrash are again brought in by a 
lateral fracture connected with the Great Tinwell and Walton Fault. Here, 
however, the beds, which are capped by the Oxfordian days, are much obscured 
by Boulder Clav and gravel, and can for the most part be traced only by the 
aid of field- ana other drains. In a field near Woodcroft, however, there is a 
pit (with a limekiln) opened in the beds of the Combrash which here exhibits 
its usual characters. The wells at Woodcroft obtain their supply of water from 
the Combrash, or, in one case, from the Great Oolite Limestones below. Un- 
fortunately, however, no record of the section observed in this latter case was 
preserved. 

About Walton, and especially in the cuttings of the Great Northern Railway 
between that pla^ and Peterborough, the Combrash limestone is well exposed. 
In this district, as indeed is almost everywhere the case when exposures of the 
ooHtic beds over a considerable area are seen, we find numerous proofs that the 
strata are bent into a number of exceedingly gentle synclinal and anticlinal 
curves, which, though not sufficiently pronounced to interfere with the general 
dip of the strata, have exercised a most important influence in determining the 

S reservation of the several outliers, spurs, and inliers of the various rocks from 
enudation. 

About Peterborough the Combrash is exposed at a great number of points, 
and its fossils have been collected by Mr. Bentley and the late Dr. Porter. 
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At Dogsthorpe the lowest beds of the Oxfbrd Cli^ (those rapireeeiitiiig the 
KellawaTs) are dug for brickniakiiig, and through the kindness of the owner of 
the pit, Mr. Thomas Parker, I was enabled to examine the junction of these 
beds with the Combrash. We have here the following section. — 

ft. in. 

(1.} Soil and gravel 3 

(2.) Sandy clay and sandv rock - - - - 8 

(3.) Hard, blue, "dicey ^' clay with Nwnda nuda, Phil. 
Corbula, sp. Ammonites Herveyi, Sow., &c. The 
lowest bed of this clay is crowded witii RhynckO' 
fte/2a and other fossils - - - - 7 

(4.) Hard, blue, Combiash rock with AviaUa eehinata. 
Sow., Ostrea, sp. 

In the following list I have given the names of the species which have been 
derived from the very numerous openings in the Combrash, in the immediate 
vicinity of Peterborough. 

At Uie point where the Stamford and Wansford Branch Railway crosses the 
Syston and Peterborough Branch of the Midland Railway, not mr from the 
Uffington and Helpstone station of the latter, we find a good section of the 
Combrash exposed. The Ottrea MarshU bed at its top is here well represented, 
and this is covered by the light-coloured, sandy clav, representing the Kellaways, 
which is seen to extend for some distance along tne sides of the railway. At 
this place the Combrash is crowded with the usual fossils, including i^mmoiiites 
macrocq>kalu8s Schloth. (in every stage of growth). We also find the following 
species: — 

Belemnites 7 

Pholadomya deltoidea. Sow. 
(joniomya v- scripts^ Sow. 
lima pectiniformis, Schloth, 
Pecten (several species), &o. 
Near Uffington Lodge a pit in the Combrash exhibits very numerous 
specimens of fossils; we here find (often of great size) Ammonites mscrooe- 
phalus, Schloth, 

Homomya gibbosa, Jg» 
Tiigonia elongata. Sow. 

f sp. 

Pmna tetragona, PhiL 
Avicula echinati^ Sow, 
Ostrea Marshii, Sow, (O. flabelloides. Lam,) 
Terebratula obovata, Sow, 
and the forms approximating closely to T. digona, Soto. 
The gregarious habit of Avicula echinata is well illustrated at this section. 
To the northwards, in the neighbourhood of Belmestiiorpe and Uffington 
Wood, the rock of the Combrash forms the surface over a considerable area, 
and several small pits have been opened in it, the positions of which are shown 
upon the map. Near Brown's Oak and Banthorpe the cuttings of the main- 
line of the Great Northem Railway afford some interesting sections of the 
formation. The latter of these is thus noticed by Professor Morris :* — 

" In the Casewick cutting the Combradi, which is a grey, slightly compact 
and crystalline, shellv, and thin-bedded rock, occurs throughout the base of 
the cutting ; its fossil contents are — 
Pholadomya, sp. 
Panopaea (nlceiformis, PhU,, sp. 
Modiola bipartita, Phil. 
GervDlia aviculoides. Sow, 
Goniomya litterata. Sow., sp. 
Lima rigida, Sow, 

Ostrea Marshii, Soto. (O. flabelloides. Lam.) 
Pecten demissus, Phil 
lens. Sow. 



♦ Quart. Journ, Geol. See., vol. ix. p. 332, 
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Terebratiila Bentleyi, Mw, 

obovata^ Sow. 

Diastopora (Berenicea) diluvianay MilnC'Edto. 

Serpula, two species. 

Portion of a jaw of Chimaera." 

Still further north, the Essendine and Bourne branch of the Great Northern 
Railway crosses the outcrop of the beds of the Cornbrash, but does not expose 
anj particularly good sections. About Wilsthorpe, Braceborough, and Great- 
fora, however, the Combrash occupies a considerable area and is exposed in a 
number of pits. The rock here presents a noteworthy peculiarity ; the flat 
rubbly fragments of which it is made up, being aU coated with a deposit of 
white stalagmitic carbonate of lime, which gives them the appearance, when 
viewed at a little distance, of having been whitewashed. The fossils found in 
these pits are those which everywhere characterise the Cornbrash, and the beds 
here are seen to dip directly under the fens, being overlapped by the deposits 
of the Fenland gravels. 

Above Manthorpe the top of the' Combrash, with the bed crowded with 
Ostrea MarshU, Sow., is well seen. At Lound a pit occurs which a£E6rds the 
following section : — 

Pit in the Combrash at Lound dug for road-metal, 

ft. in. 
Boulder Qay 3 

Trace of Oxford clay in place (?) - - - 

. Bed of laminated stone flill of Ostraa Marshii, Sow., and 

other species, and Ostraa (large flat species) - * 9 

Bed of soft, sandj stone - - » - - 6 

Bed of hard, whitish stone crowded with fossils (Lima 

pectiniformis, Scholth, L. punctata. Sow. &c.) - 9 

Light-brown, sandy clay - - - - -06. 

Hard, blue-heartea stone - - - - - 1 6 

Rubbly Cbmbrash at bottom. 

Ammonites macrocephalus, Schloth (very large specimens). 

Ostrsea Marshii, Sow. (very abundant). 

Modiola imbricata. Sow. 

Gervillia aviculoides. Sow. 

Lima punctata. Sow. 

pectiniformis, Schloth. 

Pecten lens, Sow» 

demissus, Phil. 

Hinnites gradus, Phil. 

CVpricardia Bathonica, Mor. fy Lye. 

Pnoladomya deltoidea. Sow. (abundant). 

Goniomya v- scripts^ Sow. 

Myacites securiformis, Phil. 

Ferna rugosa, var quadrata, Mor. Sf Lye. 

Terebratula obovata, Sow. 

maxillato. Sow. 

Terebratula lagenalis. Sow. 

Rhynchonella concinna. Sow., sp. 

Serpula, sp. 

Northwards from this point to Bourn and Edenham, where the Combrash is 
well developed and has yielded some interesting fossils (the original specimen 
of the Terebratula Bentleyi, Mor. was found at Handthorpe near Bourn) we 
find several interesting exposures of the formation. The interesting sections 
about Bourn will be described in the explanation of Sheet 70 of the Survey map. 

The fossils found in the various Combrash pita, in the immediate vicinity of 
Bourn, were as follows : — 

Fossils from Combrash of Bourn. 

Ichthyosaurus (vertebra). 
Nautilus Baberi, Lye. Sf Mor. (?) 
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Ammonites Herveyi, Sow, 

macrocephalus, Sckioth, 

Cardium oognatum, PkU, 
Goniomja v-scripta. Sow. 
Gresslya pere^na, PMl 
Modiola mibncata. Sow. 
Myacites decurtatas, PHI. 

caloeifonniB, PkU. 

Pholadomya deltoidea. Sow. 
Trigonia oostata, Soto. 
GerviUia aviculoides. Sow. 
Lima pectiniformiB, Schloth. 

rigidula, PAt/. 

Ostrea Marshii, Sow. (O. flabelloides. Lam.). 
Pecten demissus, PhU. 
lens. Sow. 

Discina, sp. 

Terebratula lagenalis, SehMh. 

obovata, Sow. 

Serpula, sp. 

Ecninobrissus orbicularis, PHI. 

Outliers. — As already remarked, many of the outliers of the 
Combrash are greatly obscured by the drift deposits which lie 
upon them, and often overlap their edges. The general position 
and limits of these outliers being indicated upon the map, it will 
only be necessary to notice in detail such of them as afford inte- 
resting sections. 

The outlier shown on the map at Brigstock Parks was proved by some deep 
wells which, passing through the drift, reached the Oxford Clay, and as this 
formation is everywhere in the district underlud by Combrash, we have repre- 
sented it here; but the outlines of the mass are purely hypothetical. 

The two outliers of the Walk of Morehay onlv exhibit the Combrash along 
their eastern margins, where, by the dip, their beds are brought to a lower level. 
The most southern of these two outliers is capped by a mass of Oxford Clay 
and Kellaways Sand, the extent of which is doubtful. It is not improbable 
that the northern outlier is similarly capped, but of this we have no actual 
proof. 

In the case of the outlier between Fineshade and King's Cliffe, however, the 
recently constructed trial-shafts for a railway have exposed the Oxford Clay 
and representative of the Kellaways resting upon the Combrash (see p. 221). 
On the eastern side of this outlier the Cornbrash is exposed at Cliffe Parks, 
where it covers a considerable area. At the upper part of the Cadges Wood 
its beds are well exposed in a ditch -cutting, and I collected here — 

Ostrea Marshii, Sow. (O. flabelloides. Lam.), large and abundant. 
Ammonites Herve^, Sow. 
Pholadomva deltoidea. Sow, 
Myacites dEecurtatus, PHI, 
Liina rigidula^ Phil. 
Lucina, sp. 

Terebratula maxiUata, Soto. 
The Combrash is again seen north of Blatherwycke Mill, and on the western 
side of the same outlier we can trace the formation capping a number of spurs 
between Blatherwycke and Duddington. The succession of beds is here clearly 
seen to be as follows : — 

(I.) " Kale," forming top of spurs (Combrash). 

(2.) Stiff, blue clay (clays of Great Oolite). 

(3.^ Beds of limestone (Great Oolite). 

(4.) Thick mass of clays in sides of valley (Upper Estuarine 

Series). 
(5.) Oolitic rock, forming ''red land " of the plateau (linooln- 
shire Limestone). 
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In their higher portdons these ridges are much obscured by the masses of 
pre-gladal gravel, which are in turn overlapped by the Boulder Clay. Above 
Duddington the Combrash is seen and at once recognised by its bthological 
characters, and the presence in it of — 
Ustrea Marshii, Sow. 
Ammonites Herveyi, Sow, 
And the common Uombrash Echinoderms. 

The effect of the great north and south fault upon the Combrash in this 
outUer is very strikinglv seen in tracing the outcrop of the beds. 

At the outlier of Beoford Purlieus many exposures of the Combrash occur, 
but no good sections. Over a great part of its area the outlier is greatly 
obscured by drift, and its surface has only been recently cleared of woods. 

The ouuier of Barrowden Hay and Luffenham Heath, the limits of which 
can be clearly defined on its eastern side, is also much covered with drift on 
its western. It does not afford any instructive sections. 

North of Stamford a small outlier of Combrash occurs on the highest point 
of the plateau lyin^ north of the town, and known as the " Stamford open 
field." In the earlier edition of Sheet 64 this outlier was not represented, 
there being at that time no sufficient evidence of its existence. I am indebted 
to Mr. Sharp for calling my attention to a number of trial holes for stone, 
which were opened during the recent enclosure of this tract. From these trial 
holes, many of which failed in reaching beds of soUd stone, it appears that a 
number of small fragments, vestiges of an outlier of Combrash, still exist at 
the top of this hill. None of these fragments of the cap of Combrash exceeded 
4 feet m thickness, and so irregular and uncertain is the mode of occurrence of 
the rock, that its Umits can only be represented on the map by a dotted line. It 
yields, however, Ostrea Marshh, Sow., and several other characteristic Combrash 
fossils, and its identity with that formation is therefore beyond doubt. It is 
underlaid by a thick mass of clavs, with some shelly bands (davs of the 
Great Oolite). Indeed a veiy excellent section of the whole of the beds from 
the Combrash to the Upper lias can be traced at the town of Stamford. 
This section has been admirably illustrated by Mr. Sharp. 

It will not be necessary to describe in detail the various outliers to the 
northwards, some of which are of quite insignificant proportions, though others 
cover considerable areas. The small outliers at Firewards Thorns, south- 
west of Essendine, exhibits only the bottom bed of the Combrash, the clays 
immediately below it being crowded with Ostrea subrugulosa, Lvc. & Mor. 
In a small outiier to the north, the limestone rock has been wholly removed, 
and only the clays below it remain ; but in one to the west a considerable 
thickness of the Combrash rock is exposed. 

A veiy extensive outlier of the dombrash occurs between Careby Lings 
and Monk's Wood ; and numerous smaller ones south of the latter place, at 
Dogsight, and Holywell Lodge. In the latter of these the Great Oohte Clays 
below were well exposed in a number of field-drains. 

The nmnner in which slight foldings of the strata have contributed to the 
preservation of these outlying patches has been already explained, and is well 
illustrated in the cuttings on the main line of the Great Northem Railway 
which were so clearly described by Professor Morris. 

At Clipsham, however, we find an outlier of Combrash, considerablv to the 
westward of aU those which we have been describing to the nortn of the 
Welland, and which evidently owes its preservation to the action of a fault. 
The rock here presents the usual characters of the Combrash and contains 
Ammonites Herveyi, Sow. and Pholadomya deltoidea. Sow. var. 

The great outlier which occupies a great part of Grimsthorpe Park is much 
obscured by drift, but the beds are exposed in some of the cuttings of the 
Edenham and Little Bytham Railway. 

Inliers. — Several inliers of Combrash, seen at the bottom of the 
valleys cut in the overlying Oxfordian clays, occur within the 
limits of Sheet 64. The most important of these is the interesting 

Eatch of rock near Stilton in Huntingdonshire, where several pits 
ave been opened in it to obtain road-metal. A glance at the 
map will show at what a considerable distance this exposure of the 
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Corabrash rock lies from any other exhibition of the same bed ; and 
a careful study of the ground indicates that its appearance at this 
singular and unexpected locality is, in part, due to a considerable 
fault, which here traverses the beds. The area covered by this 
inlier is not great, but the patch of rocks is of very great interest 
indeed, &om the number of interesting species of fossils which 
it has jrielded, but still more from the mode in which tliese are 
found preserved at this locality. The fossils of the Cornbrash, and 
especially those with thin and delicate shells, such as the Myadse, 
usually occur as internal casts only, but at Stilton these delicate 
shells, often retaining their Pearly nacre, are found very beautifully 

C served. At this point Mr. Kentley has recently found very 
utiful specimens of the rare and interesting Brachiopods 
Terebratvlcs Bentleyi^ Mor. and Terehratvla coarctatay Park., the 
latter species having been formerly supposed to be peculiar to the 
Bradford Clay of the Bath area. The Cornbrash rock in this inlier 
is of a paler colour and less ferruginous character than is usually 
the case with it. 

The following fossils have been collected from the rocks of the Ck>mbrash in 
this interesting inlier : — 

Fossils from the Cornbrash of Stilton, Huntingdonshire. 
Ichthyosaurus, sp. 
Plesiosaurus, sp. 
Teleosaurus, sp. 
Strophodus magnus, Ag. 
^— ^— -^ subreticulatus, Ag, 
Pycnodus Bucklandi, Ag, 
Asteracanthus verrucosus, Ag, 
Ammonites Herveyi, Sow, 
— — — macrocephalus, Schloth. 

■ modiolaris, Llhwyd, 

Chemnitzia simplex. Lye, ^ Mor, 
Cardium cognatum, PMl, 
Cypricardia cordata. Lye, 
Goniomya v-scripta. Sow. 
Homomya crassiuscuk. Lye, <§r Mor, 
— — — gibbosa. Sow, 
Isocardia tenera. Sow, 
Lucina striatula, Buv, 
Modiola ^bbosa, Sow, 
■ imbricata, Sow, 

— — Lonsdalei, Lye, 4* Mor. 

Sowerbyana, cTOrb, 

Myacites calceiformis, Phil, 

■ — decurtatus, Phil. 

' recurvus, Phil. 



, securiformis, PhU, 

sinistra, Ag, 

Pholadomya acuticosta. Sow. 

— — deltoidea, Sow, 

lyrata. Sow. 

— Phillipsia, Mor. 

Trigonia Scarburgensis, Lye. 
Anomia semistriata. Bean. 
Avicula echinata, Sow, 
Lima duplicata. Sow. 

impressa. Lye, Sf Mor. 

Iseviuscula, Sow, 

— — pectiniformis, Sehloth, 
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Lima rigida. Sow. 
— — rigidula, PAi/. 
Pecten anisopleunu^ Buo. 

— articulatus, Schhth. 

annnlatus. Sow. 

demissus, PhU. 

■ inaequioostatus, Phil. 

■ lens. Sow, 

— MichelenBis, Bud. 

vagans. Sow. 

Rhynchonella concinna, Sow, 
' Moorei, Dav. 

obsoleta. Sow. 

yarianB, Schloth, 

Terebratula Bentleyi, Mor. 

coarctata. Park. 

intermedia, Sow. 

■ lagenalis, Schloth. 

— — — sublagenalis, Dav, 

, maxiUata, Sow. 

obovata. Sow. 

— orinthocephala, Sow. 

Glyphsea rostrata, Phil. 
Serpula intestinalis, Phil, 

— squamosa. Bean. 

tetraffona, Sow. 

Clypeus MuUeri, Wright, 
Ecmnobrissus dunicidaris, Llhwyd. 

orbicularis, PhU, 

Holectjpus depressus, Leske, 

At Kate's Bridse the Combrash is again exposed as an inlier in the midst 
of the great spread of Ozford.clay. There is, however, no reason for supposing 
that the exposure of the former beds at this point is contributed to by a 
&ult. The fossils foimd in the Combrash in a well at this place were — 
Echinobrissus climicularis, Llhwyd. 
Holectrpus depressus, Leske. 
Isocaroia tenera. Sow. 

Where exposed at the surface, the Combrash rock of this inlier presents its 
usual characters. 

Near Thurlby Wood a number of extensive pits are opened in the Combrash 
exposed in an inlier contiguous to, and almost continuous with, that of Kate's 
Bndge. ^e characters of the rock and the species of fossils here found are 
those which usually distinguish the Combrash. 

The Combrash is not a rock of any great economic value. Its 
peculiar bedding renders it quite unfit for a building stone^ though 
it is frequently locally employed in rough constructions and for 
field-dikes. It is also occasionally quarried for lime-burning in 
the district, but for this purpose is Dy no means so highly esteemed 
as the subjacent Great Oolite. ^ As a road-metal, however, it 
possesses deservedly a high reputation among limestones ; and for 
this purpose it is very extensively quarried, and occasionally 
conveyed to considerable distances. 

The small esteem in which throughout the Midland district the 
Combrash is held by a^culturists has already been noticed. 

The low tabular hills, which characterise the scenery of the 
districts occupied by the alternations of the clays and limestones 
constituting the Great Oolite Series are illustrated in Plate X. 
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CHAPTER IX. 
THE MIDDLE OOLITES. 

This division of the Jurassic series is only partially exposed within 
the limits of Sheet 64, being represented by the lower portion of the 
Oxford Clay with the sandy beds representing the Kellaways Rock 
at its base. Like the Lias^ this formation consists almost wholly 
of clays, which are usually concealed by a thick covering of glacial 
clay and gravel. The Oxford Clay was evidently a deep sea 
deposit and, like the Lias, exhibits evidence that during its forma- 
tion the fauna gradually underwent very considerable changes, 
especially in the species of Cephalopoda. We will now describe 
the succession of its principal beds as represented in this district. 

cu Kellaways Sands, Sandstones^ and Clays. — These beds, which 
lie directly upon the Cornbrash, consist of an alternation of clays 
usually light-coloured, very arenaceous, and sometimes pyritous, 
with irregular beds of whitish sand. The latter are not un- 
frequently cemented by calcareous matter into a friable rock, in 
which case they are usually full of fossils. These fossils belong to 
the species which characterise the Kellaways rock of Yorkshire 
and Wilts ; Gryphaa bilobatay Sow., Avtcula inaquivalvis, Sow., 
(A. expanstty Phil.), and Belemnites Oweniy Pratt, being among 
the most abundant forms. These beds were first detected in this 
district by Professor Morris, who saw them exposed in the Case- 
wick cutting of the Great Northern Railway. Although such 
sandy beds are everywhere in this district found at the base of 
the Oxfordian, and indeed extend, though perhaps not un- 
interruptedly, through the country from Yorkshire to Wiltshire, 
yet they are so variable in thickness and mineral character that 
it has not been considered advisable to attempt their separation 
from the Oxford Clay upon the map ; the places where they are 
well seen* however, are indicated by the symbol KEL. The 
Kellaways beds form a link betv/een the Cornbrash, which was 
accumulated in rather shallow water, and the Oxford Clay, which 
was a deep sea deposit; they contain many of the species found 
in each of these formations, with a few which are peculiar. 

The Kellaways beds are dug for brick-making at Oundle, 
Southwick, Henefield, Dogsthorpe, Uffington, Kate's Bridge, and 
Warmington ; and it is said that the bricks made from them arc 
much superior in quality to those manufactured from the Oxford 
Clay, especially in respect to the amount of heat which they will 
bear. The sandy nature of these beds gives a peculiar character 
to the soil upon them ; causing it to exhibit a whitish colour and 
a dryness very different from that of the Oxford Clay above. 

& Clays with Nucula, — These are laminated, blue shales crowded 
with compressed Ammonites and the little Nucula nuda, Phil. 
They are seen at many points, and are dug for brick-making at 
Haddon, Cyebury, and Holme. 
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c. Clays with Belemnites Oweni, — Consisting of dark-blue clays 
abounding with Belemnites Oweni, Pratt^ which often attains to a 
gigantic size. Gryphaa dilatata^ Sow., appears to commence in 
these beds, which yield abundantly the bones of saurians and fishi 
and great masses of wood converted into jet. These beds are 
exposed in the brickyards at Standground^ Fletton, Woodstone^ 
Sudboroughj Conington, Luddington^ and Great Gidding. 

d. Clays with Belemnites hastatus, — These blue clays contain 
many of the fossils which are found in the last, but are character- 
ised by the appearance, in great numbers, of the little Belemnites 
hastatusy Blain. They are dug at Werrington, Ramsey, and 
Eyebury. 

e. Clays with Ammonites of the yroup of the Omati. — These are 
dark-blue clays containing great flattened nodules of iron-pyrites, 
with numerous Ammonites fossilized by the same mineral. The 
most abundant species in these beds are Ammonites omattts, 
Schloth, Am. Duncanij Sow., Am. Bakeria, Sow., Am. athleta, 
Phil., with Terebratula impressa^ Von Buch. These beds are 
dug in the brickyards about Whittlesey, and also in those at 
Thorney, and Eye Green. 

f. Clays with Ammonites of the group of the Cordati, — These are 
exposed only at the Forty -foot-Bridge brickyards, which are just 
upon the eastern limits of this sheet. 

Main Line Outcrop of the Middle Oolites in the District. — In 
Sheet 64 the Oxfordian strata constitute a band of country, 
immediately bordering the Fenland, which rises into numerous 
swelling hills, usually of no great elevation. Throughout this 
tract the Secondary deposits are greatly obscured by the superin- 
cumbent Boulder Clay and gravels ; the land formed by the Middle 
Oolite is in the main devoted to grazing purposes, but some con- 
siderable areas of it have been brought under the plough, while 
others remain as woodland. A few exposures of the Oxfordian 
strata also occur in the Fenland, to the east of this main line of 
outcrop ; and again in outlying patches capping the Lower 
Oolites to the west of it. 

Immediately to the south of the limits of sheet 64, the beds of the Oxford 
Clay were well exposed in the Wigsthorpe cutting of the Northampton and 
Peterborough Railway. This cutting was examined by Professor Morris and 
Captain Ibbeteon at a time when the beds were well exposed, and they described 
the section in the following terms : — *^ The Oxford Clay is well seen in the 
Wigsthorp cutting, near Thorpe Aychurch, and is marked, by sEones of Septaria, 
frequently containing fossils. Am. Konigii, &c., the lower part of the section 
being thin slaty clays full of Ammonites Jason or EUzabetJue much compressed, 
Belemnites, Amcula, and numerous bivalves.''* 

In a well at the same place, which extended to the depth of 30 feet, I also 
saw a good section of the same beds consisting of dark blue clays abounding 
with (Srypluea dilatata. Sow., and many Ammonites and Belemnites which were 
too imperfect for identification. 

At Sudborough brickyard beds near the base of the Oxford Clay are dug. 
They yield abundantly very large specimens of Belemnites Pusosianus, d'Orb ; 
Ammonites and saurian remains also occmr at this place. 

* See Morris and Ibbetwn* notice of the geology of the neighboorhood of Stamford and 
Peterborough, Brit. Am. Sep. for 1847, Trans, of sect» p. 127. ^ 
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At the reservoir constnicted for the supply of Lilford Hall, on the south- 
west side of the park, the Oxford Clay was just reached in one comer of the 
excavation under a great mass of boulder clay : the beds exposed here are 
evidentiy low down in the Oxfordian series, and consist of dark blue day full 
of crushed specimens of Ammonites, with many examples of Nucula nuda, Phil. 

Near ^amwell railway-station, the lower beds of the Oxford Clay were 
exhibited in a number of drains, at the time of the survey. 

At Oundle brickyard the lowest beds of the Middle Oolite, consisting of 
light-coloured, somewhat sandy clay, with bands of hard, sandy and femiginoiu 
rock, are well seen. The bands of sand-rock which alternate with the days 
are seldom more than 7 or 8 inches in thickness, and often thin out altogether 
within veiy short distances. Thev are often so crowded with fossils that the 
abundance of carbonate of lime aoes great injmy to the bricks during their 
burning. The day here is said to form an inferior kind of fire-brick capable 
of withstanding a considerable degree of heat. On sinking through the day 
at this place, it is said that ferruginous beds were found from which strongly 
chdybeate springs arose. I am uncertain whether these beds are to be reigarded 
as the Combrash, or to bdong to one of the sandy ferruginous beds of the same 
kind as those exposed in the pit. It is evident from the fossils which the^r con- 
tain, that the rocks exposed in the Oundle brickyard are the representative of 
the Kellawavs. 

At Beneneld brickyard the same series of beds is exposed, consisting of 
light-blue day with very irregular and inconstant bands of sandy rock, con- 
taining Serpula, Bekmnites, Gryphaa, Avicukif and other shells. They were 
also exposed in some other artificial openings in the neighbourhood. Tlie 
rapidity with which the surfiice water soaks away over the areas, throughout 
which these sand^ beds representing the Kellaways outcrop, causes their soil to 
present a remarkable contrast with that of the districts occupied hy the stiff 
and impervious clays of the higher portions of the Oxford Clay. The light- 
coburea sandy soils formed by the former rocks, constituting what is looJly 
known as " drummy land," can easily be traced, over many miles of country 
in this district, at the limits of the Oxford Clay and Combrash formations. 

At the brickyard of Ashton, lying on the opposite side of the Nene ^mslley 
to that of Oundle, Oxfordian strata, probably a little higher in the series 
than those of Oundle and Benefield, are worked. These consist of dark-blue 
clays containing Nucula nuda, Phil., many fragments of Belenmites, crushed 
Ammonites and large quantities of wood converted into jet. These beds are 
doubtless the same as those exposed at Wigsthorpeand Lilford which we hare 
before noticed. 

At the Warmington brickyard no good section was exposed, but the beds 
worked are evidently of the same sandy character as those which, throughout 
the district, immediately overlie the Combrash, and by their fossil contents are 
shown to represent the Kellaways. The Combrash is reached under the Ox- 
fordian beds by wells sunk at a number of points in the neighbourhood of this pit. 

The very considerable tract of Oxfordian strata lying between the Nene 
vallev and the Fenland is almost entirely obscured by the great drift deposits 
(boulder clay and gravel), which are, indeed, sddom cut through by the vaUeya 
so as to expose the subjacent rocks. Consequently, exposures of these flatter 
are exceedingly rare in the district. 

At Luddington brickyard we find, under a thickness of 5 or 6 feet of drift, 
Oxford Clay of a light-blue colour which is dug to the depth of 30 feet. It 
contains ChypluBa dUatata, Sow., Belemnites Pusosianus, d'Orb, and, some- 
what rarely. Ammonites. 

At the ureat Gidding brickyard, which is just beyond the southem limit of 
Sheet 64, similar beds of Oxford Clay, of a light colour, are found. Spedmens 
of Serpula were the only fossils which I deteciked at this spot. 

Along the course of the Billing Brook I found several exposures of light- 
colourea and sandy clays bdongins to the Oxfordian series. These are 
exposed in consequence of the thick drift deposits of the area being cut through 
by the deep valley in which this stream flows. 

Along the road between Elton and Haddon the Oxford Clay was well seen in 
some deep drains. It consisted of light-colourc^i, very tenaceous, clay, in which 
fossils were only sparingly distributed. Specimens of Belemnites Puzosianus, 
d'Orb, and fragments of wood were, however, not rare. 
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Near Haddon Chuioh a well sunk at the new parsonage penetrated the 
Oxford Clay to a depth of more than 30 feet, but no water was obtained. 
The day brought up was dark coloured and lughly laminated. It contained 
many fossils, including : 

Belenmites Puzosianus, cTOrb, 
Ammonites omatus, Schloth. 

„ other species (indeterminable). 
Nucula nuda, Phil. 
The fossils were all crushed and very imperfectly preserved. At Haddon 
brickyard similar clays with Nucula nuda and BelemnUes were dug. The 
brickyard at Morbome is now abandoned, and I could obtain no information 
concerning the beds and fossils formerlv exposed in it. 

A little to the south of Fletton the Oxford Clay was exhibited in a number 
of field-drains. The beds here contained great numbers of Nucti/a nuda, 
Phil., which were however very badly preserved. ^ 

In the neighbourhood of Peterborough the various beds forming the lower 
part of the Oxfordian series are well exposed. 

At Dogsthorpe the brick pits exhibit Uffht and dark-blue clay's, often mottled, 
becoming in some places verv sandv and passing in others into light-brown 
sands which are somewhat inaurated. The sandy rock here does not appear 
to form r^^ular beds in the clav, but to constitute nests and irregular lenticular 
masses. 1 am indebted to tne owner of these pits, Mr. Thomas Parker (who 
had preserved a considerable number of fossils and rendered me imjMrtant 
aid in the examination of the district) for making an experimental sinking 
through the lower beds in the pits, whereby the following section was exposed : — 

ft. 

(1.) Soil and Gravel 3 

(2.) Sandy Clay with stony bands - - - - 8 

(3.) Hard blue "dicey "clay 7 

(4.) Combrash limestone. 
In (2) the clays appeared to be totally destitute of fossilB, but in the sandy 
stone, great numbers of specimens of Gryphme bilobata. Sow., and BelemnUes 
Puzosianus, d'Orb, including individuals of all ages, occurred. 

The clays (3) had at their base a band crowded with fossils including 
Ammonites Herotyi, Sow,, Nucula nuda, Phil., Corbula sp., and Rhynchonella sp. 
The Combrash limestone (4) was identified, both l^ its petrological charac- 
ters and by its containing Avicula eckinata. Sow., and Ostrea Sowerbyi, Lye. 
and Mor. The bricks made firom the sandv clays of Dogsthorpe are said to 
be capable, like those of Oundle and Bendeld, of withstanding a very con- 
siderable degree of heat. 

At Standground, Fletton, and Woodstone, near Peterborouf^h, dark-blue 
clays containing large quantities of fossil wood, which, by their fossils, are 
shown to belong to a rather higher portion of the Oxfordian series than those 
just described, are dug for brick-making. From these pits the late Dr. Porter, 
of Peterborough, obtained a number of veiy interesting fossils. These 
include : — 

Belenmites Puzosianus, d*Orb, (extremely abundant.) 
Ammonites Bakerise, Sow. 

„ convolutus omatus, Quenst. 

„ macrocephalus, Schloth. 

„ heterophyllus omatus? Quenst. 

„ hecticus. Rein. 

„ arduenensis, d'Orb. 

Rhynchonella varians, Schloth. 
with very many bones of Saurians, and spines and teeth of fish. 

Among these, are especially worthy of notice, large portions of the skeleton 
of Steneosaurus, the teeth of Strophodus reticuiatus, Ag., and the dorsal spines 
of Asteracanthus verrucosus. Eg. The last-mentioned fossils sometimes attain 
to very large proportions, specimens 12 inches in length, with a girth in their 
thickest purt of five inches, and a thickness of two inches, having been found. 
Some fragments have also occurred indicating even greater dimensions than 
these. 

The very large quantities of wood, either converted into jet or mineralized by 
pyrites, is a specially noteworthy circumstance at these localities near Peter- 
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borough. This wood sometimes occurs in masses of great sise ; it is eyidentW' 
drift-timber, which, floating in the open sea, became water-lodged and sunk 
to the bottom, there to be buried in the fine clays in associ&on with the 
numerous marine animals of the Oxfordian period. 

By the great Stamford and Helpstone fault the line of outcrop 
of the Middle Oolites^ like that of the Lower Oolites, is subjected 
to great displacement, and the strata appear far to the westward 
of the positions at which their occurrence might be anticipated. 

Between Marholme and Woodcroft the beds of sandy stone, representing 
the Kellaways, and the overlying blue clays were exhibited in a number of 
field drains. 

At the westernmost of the two mills at Werrington a brickyard exhibits 
beds of Oxford Clay, overlaid by thick masses of Boulder Clay with patches 
of gravel at its base. The Oxford Clay here yielded, — 

Ammonites Duncani, Sow. 

Belenmites Puzosianus, (POrb, 

Icthyosaurus sp. (VertebrsB and other bones.) 

Plesiosaurus sp. (Ditto.) 

In the day-pit at the east end of the village of Werrington the days vield 
rather numerous fossils, including, besides some Ammonites and vertebrate 
remains which were not determined, — 

Belenmites hastatus, Blainv, (very abundant). 
„ Puzosianus, cTOrb, (rare). 

Giyphsea dilatata. Sow. 

Nucula nuda, Phil. 

Serpula vertebralis. Sow. (abundant). 

Omitting the special mention of many small and obscure sections, we have, 
in tiie Ouewick cutting of the Great Northern Railway, as described by 
Professor Morris in 1853, some very interesting and instructive sections of the 
lowest beds of the Oxfordian series. This interesting^ section is now, however, 
almost wholly concealed in consequence of the sides of the cutting being 
turfed up. 

This section {see Fig. 18, page 244) is described by Professor Morris, as fol- 
lows: — 

" Resting upon this bed" (the Combash) "is the equivalent of the Oxford 
clay, consisting of 10 feet of dark laminated unctuous clay, with gray-brown 
sandy ferruginous cl^ ; the dark clay contained Ammonites Herveyi abun- 
dantly, as well as Modiola bipartita, Trigonia clavellata, Tkracia depresta^ 
Nucula nuda, Phil., and Saurian bones. The brown sandy clay, which passed 
into ferruginous rock, contained many well preserved fossils, the most abun- 
dant being, — 

Gnrphapa bilobata. Sow. (in every stage of growth). 

Belemnites Oweni, Pratt (Puzosianus? d'Urb). 

Ammonites Calloviensis, Sow. 

Nautilus sp. 

Pholadomya acuticosta, Sow. 

Panopsea peregrina, Phil. sp. 

Lima rigidula, Phil. 

Avicula expansa, Phil. 

Pecten demissus, Phil. 
„ lens? Sow. 

** These fossils would indicate that the ferruginous rock and gray sand were 
the equivalent of the Kellawa; 8 rock, which has not been previously noticed 
in this district.'** 

Throughout the remainder of the outcrop of the Oxfordian 
beds to the northward, within the area now being described, 
there are few good sections. At ail points, however, where the 
strata are sufficiently free from drift, the outcrop of the sandj 

* Quart. Jonm. Geol. Soc., vol. ix. (1853), p. 333. 



- 1 


6 


. 1 


6 


- 2 





- 2 


6 


- 4 





8to9 






. THE MIDDLE OOLITES. 237 

bedSj repre8entin|f[ the Kellaways, can be readily recognised by 
the distinctive characters of fhe soil which they form. 

At Kate's Bridge four n»iles south of Bourne there are two pits in the 

Kellaways strata. In one of these, the thickness of clay overlying the 

Cornbrash rock is only 6 feet., the beds consisting of light-blue sandy clay 

containing Belemnites, Grynhea, Avunda, and other shells. 

At Bourne we have, in a brickyard, the following section of the same beds :— 

ft.' in. 

(1.) Soil 

(2.) Clay becoming sandy and yellow below - 
(3.) Light-blu^ and yellow mottled sand 
(4.) Light-coloured, laminated clay ... 
(5.) Sandy rock (very irregular) - - 

(6.) Light-blue clay - . - - 

(7.) Cornbrash P - ' - 
The bed (5) contained, — 

Belemnites Oweni, Tratt (Puzosianus? d'Orb.) 
Avicula expansa, PhiL 
Gryphaea bilobata. Sow. - 
Wood. 

The Oxford Clay appears to constitute the substratum of that 
portion of the Fens included within Sheet 64. I'he process of 
clawing the land (that is, digging deep trenches through the 
superficial peat and silt into the clay beds below, and spreading 
portions of these latter over the surface) occasionally affords fair 
exposures of the strata and fossils of the dark-blue Oxfordian 
Clays. At a few points, however, the rock, met with under these 
circumstances, is the Boulder Clay ; patches of which appear to 
have escaped the wide-spread marine denudation^ which has 
produced the plain of the Fenland. Besides these local and 
temporary exposures of the Middle Oolite strata within fhe 
Fenland^ we have a few brickyards which afford sections of the 
same strata within this area. 

South of Buiy a briekyard in the Oxford Clav exhibits a section of dark- 
blue clays contaming much pyrites, which yield tjie following fossils : — 
Gryphsee dilatata. Sow. (abundant). 
Belemnites Puzosianus, d*Orb» (rare). 

„ hastatus, Blainv. 

Ammonites Lambertii, Sow* 
„ cordatus. Sow. 

With imperfect 8]>ecimens of both bivalves and univalves, and some bones 
of Saurians. 

At Ramsey, near the railway station, the Oxford Clay was formerly largely 
dug and burnt as a substitutie for gravel, a use to which the clays of this 
formation are firequently applied. 

At Ramsey Heights there are several brickyards still open, the clay used 
being that of the Middle Oolite (locally termed ** Gait '*). At one of these, 
the bricks made are burned with peat. Neither of the clay pits at these 
brickyards, however, afford any sections of special interest to the geologist. 

At Forty-foot-Bridge there are two clay pits opened in the Oxford Clay. 
In one of these, a band of hard rock, 8 or 10 inches in thickness, is found at 
a depth of 15 feet. The clays at this place are crowded with Ammonites 
Lambertii Sow. (many varieties) : Belemnites hastatus, Blainv., is also very 
abundant, while BelemrUtes Puzosianus, d'Orb, is rare. Grypkaa dilatata. Sow., 
occurs in moderate abundance. 

At Conington brickyard blue clays of the Oxfordian series are dug, which 
yield abundanf specimens of Belemnites Puzosianus, d'Orb, and, somewhat 
rarely, examples of Grypfuea dilatata. Sow. Similar clays are dug at the 
Holme brickyard. 

32108. O 
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A cutting on the main line of the Great Northern Railway, between Faroett 
and Yaxley, exposes a considerable thickness of li^ht-blue Boulder Clay full 
of chalk detritus, with some irregular gravelly beds mtercalated in it. At tiie 
bottom of this drift occur the dark-blue Oxfordian Clays containing yerj 
large septaria and yielding many fossils, among which were, — 
Belemnites Puzosianus, d'CM-b, 

„ l^astatus, Blainv, 

Ammonites excavatus. Sow. 
„ athleta, Phil, 

„ Duncani, Sow. 

„ cordatus. Sow. 

Giyphsea dflatata. Sow, (very laige). 
Serpula vertebralis. Sow, 

And a number of bivalves too imperfectly preserved for identification. 
In the neighbourhood of Whittlesea there are several brickyards in ^faich 
the beds of the OidPord Clav are exposed in good sections. 

To the North-west of Whittlesea the days are dug in a very extensive pit; 
they are of a deep-blue colour and contun much pyrites and wood. The 
fossils are often, inaeed bo thickly encrusted with pyrites that it is impossible to 
determine their species. Among them are, — 

Belemnites Puzosianus, d^Orb, 

„ hastatus, Blainv. 
Ammonites athleta, Phil. 

„ (several other species). 
Gryphsea dilatata (veiy abundant). 
Serpula sp. 

The large clay-pits at the town of Whittlesea have yielded great numbo^ 
of beautiful specimens of Ammonites, especially those belonging to the Omatus 
group, includmg — 

Ammonites Duncani, Sow. 

„ (variety). 
„ EHzabethse, Pratt. 

„ Comptoni, Pratt. 

„ omatus, Sehloth. 

„ Jason, Rein. 

„ Bakerise, Sow. 

„ oordatus, Sow. (variety).* 

„ tatricus, Pusch, (voung). 

„ Constantii, d'Orb. 

„ plicatilis. Sow, 

Belemnites, honeBot Saurians, and specimens of Gryphaa dilatata, Sow., also 
abound in these pits. 

At Eastrea brickyard, cUys, probably somewhat higher in the Oxfordian 
series, are exposed ; these ^eld,— 

' Belemnites Puzosianus, d*Orb {very rare). 
„ hastatus, Blainv. 

Ammonites Lambertii, Sow. 
Rhynchonella varians. Sow. 
Saurian remains. 
At the brickyard at Eyebury a number of interesting vertebrate remains 
have been collected by Mr. Leeds. Some of these are now in the Oxford 
Museum. The days at this place have yielded a considerable number of 
specimens of Terebratula impressa. Von Buch. 

Near Eye several pits opened in the Oxfordian strata expose beds of blue 
clay with Gryphaa ailatata. Sow., and numerous Belemnites and Ammonites. 

At Eye Green a thin ferruginous stonv seam occurs in the midst of the 
Oxford Clay. At this place there are found in the days great numbers of 
Ammonites in all stages of growth, including many varieties of Ammonites Jason, 
Rein., and A. omatus, Sehloth : Belemnites Puzosianus, d'Orb, is very rare here. 
while B. gracilis, Phill., is abundant. Terebratula impressa. Von Buch, also 
occurs at this locality. 



THE MIDDLE OOLITEb. 239 

At Thomej there is a]> excellent seotion of the Oxford Clay, it being here 
dug to a considerable depth. Ammonites of the Omati and Jrmati groups 
are abundant, but the specimens are usually encrusted with pyrites. Grwhcea 
dilatata. Sow., occurs in prodigious numbov, but Belemnites Puzosianus, d^Orb, 
is very rare. 

Outliers. — The outliers of Oxford Clay are almost always thickly 
* covered with drift Their boundaries are usually indicated by 
dotted lines upon the map, and in very few instances have any 
instructive sections been obtained in them. Under these circum- 
stances it will be unnecessary to notice them in detail ; the only 
sections observed were as follows :— ^ 

At Brigstock Parks a deep well, at one of the farmhouses, afforded unmis- 
takeable evidence that, under the thick covering of Boulder Clay, the Oxford 
Clay occurs in situ. The extent and boundaries of this outlying patch are 
however purely hypothetical. 

At Southwick there is a brickyard exhibiting the lowest strata of the 
Oxfordian series, which here consist of the light-coloured, sandy clays, and 
stony beds, representing the Kellaways Rock. 'Diese contain — 
Belemnites Puzosianus, (TOrb, 
Avicula expansa, PhU. 
Gryphse-a bilobata. Sow. 

As may be inferred from the account given of the formation in 
the pr^bedin^ pages^ the various clays of the Oxfordian series are 
extensively dug, for brick and tile-makings at many points within 
this area. The'materials thus produced vary greatly in quality, at 
different places, owing to the great range of differences in mineral 
character which the clays from the several horizons in, this forma- 
tion present when compared with one another. The most con- 
spicuous of these differences, and that which has the greatest effect 
in determining the characters of the materials manufactured from 
the clays, consists in the proportion and quality of the s^bnd 
occurring in admixture with the plastic mass. 

As the Oxford Clay is so frequendy covered with drift within this 
area, it exerts but a comparatively small direct influence on the 
nature of the soils. 
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CHAPTER X. 
THE POST TERTIARY DEPOSITS. 

These deposits, as already pointed (mt, are of far later date 
than those we have been describing, and lie indifierentlj and un- 
confoiTnably upon the whole of them. Their classification and 
nomencls^ture is in a much more unsettled and unsatisfactory con- 
dition than that oF the Jurassic rocks, llie divisions and ter- 
minology employed in this memoir must be regarded as provisional 
only, as they may be to some extent modified and coiTccted by 
future investigations. Nevertheless, though different conclusions 
may ultimately be arrived at as to the age of certain of these 
beds of gravel and sand, yet their boundaries as indicated upon 
the map will not be affected thereby; it should, however, be 
remembered that these boundaries are themselves usually much 
less clearly defined than those of the Jurassic rocks,»and hence 
they have been represented only by faint dotted lines. 

As the survey of the drifts in the sheets to the south of 64 is 
not yet completed, and the map of the superficial deposits of the 
latter as yet unpublished, only a very general sketch of the cha- 
racters presented by these overlying formations will be included 
in the present memoir; and in this sketch attention will be 
principally directed to the illustration of their relation to the 
older formations, the description of which is the chief object 
of this memoir. Descriptive memoirs on the drifts of the Mid- 
land district and on the geology of the Fenland will be eventually 
published by the Geological Survey. 

The great mass of Boulder Clay, with its associated gravels 
and sands, which occupies so large an area in this sheet, marks 
a grand and well defined epoch in the deposition of the Post- 
Tertiary beds, which is known as the GlaciaUPeriod. Hence we 
have classed all the beds of this age as the Glacial Series. There 
are certain Post-Tertiary deposits which everywhere underlie 
these Glacial Beds, and are therefore of older date than them ; 
while others were, as clearly, deposited at periods subsequent to 
the Glacial epoch, for thev are found lying upon the glacial beds, 
and contain materials derived from them. Hence the Post- 
Tertiary beds fall naturally into three groups — the Pre-Glacial, 
the Glacial, and the Post-Glacial. {See the Table on page 56.) 

In the present state of the inquiry I have not felt myself 
justified in discussing the relation of the drifts in this area to 
those of the East Anglian and north-westernrcUstricts of England. 
It may be, as suggested by Mr. Searles Wood, Junr., that the 
Boulder Clay of the district under consideration only represents 
the younger of two distinct glacial series, and that the deposits 
which, in this district, are iV^^glacial will have to be grouped in 
a more general classification as ^ft(f-glacial. 

A. Fre-Glaoial Deposits. 
In this division are included a series of deposits of marine, 
fluviatile, or estuarine origin, which are found lying directly upon 
the various Secondary rocks of the district, and are covered by 
the Boulder Clay or other glacial deposits. 
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a. JPre-fflaciai Valley gravels. — These consist of well stratified 
gravels, composed almost wholly of the detritus of the Jurassic 
rocks. lu this respect they oflTer a very marked conti'aBt with 
all the gravels of Post-Glacial age, which usually contain abun- 
dance of chalk-flints, and pebbles of rocks foreign to the district, 
these having been derived from tlie Boulder Clay. These 
gravels, whicli are never of great horizontal extent, are seen 
either skirting the edges of areas of Boulder Clay or capping 
hills from which that deposit has evidently been denuded. In 
certain sections they are seen to lie directly upon, and to fill 
up hollows in, the Jurassic rocks, and to be covered with Boulder 
Clay, often of very great thickness. One of the best sections 
illustrating this fact is that in the gravel pit a little to the north 
of Upper- Benefield. {See woodcut. Fig. 16.) 

Fig» 16. Section in gravel-pit, near Upper Benefield. 
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a. Soil - - - - - -Itoaft 

b. Boulder Clay (^Boulder of Red Chalk) - - 6 ft. 

'c. Finely-laminated, greenish sand with seams of clay 12 to 80 inches. 

d. Irregularly stratifiS fine gravel - - - 8 ft. 

e. Clay-band - - - - - 6 inches. 
y. Irregularly stratified fine gravel - - - 2 ft. 

g. Fine sand, with seams of irregularly stratified gravel, 

bottom not seen - - - 3 feet. 
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Another intereiting exposure of these Pre-^ladal gravels is seen near Newdl 
Wood« between Pickworth and Holywell. (Fig. 17.) 

Fiff, 17. Gravel-pit on South side of Newell Wood. 




1ft 



1 to 2 ft 



a* Soil - - - - - - 

b. Light-blue clay with a few fragments of chalk and flint 

(Boulder Clay) - - - - . 

c. Reddish-brown sands with a few pebbles and waterwom 

fragments of ironstone - - - - - 12 to 18 inches. 

d. Well stratified gravels, almost wholly made up of pebbles {dX\ well water- 

worn) of the Lincolnshire Oolite Limestone with some of the harder beds 
of the Northampton Sand. 

Note. — The upper surface of these gravels is very irregular, the sands and clays 
above being let down into the holldws of its surface. 



Frequently we find at a similar level upon opposite sides of a 
modern valley, or at two points on the skirts of the same 
outlier of Boulder Clay, small patches of this gravel, and in 
some cases evidence has been obtained in wells, of the existence 
of these gravels at intermediate points under the Boulder Clay. 
All the characters presented by these point to the conclusion 
that they occupy the beds of old rivers which drained the 



THE POST TBRTIARY DEPOSITS. 243 

country before the deppsidon of the great marine glacial series. 
It is even possible^ by comparing die posidons and levels of 
these patches of gravely to arrive at some approximate results 
as to the courses in which these old pre-glacial rivers flowed. 
The existence of similar old river channels under the Boulder 
Clay of Scodand has been described by Messrs. CroU* and. 
R. I>ick.t At Ring Haw Wood, one mile west of Yarwell, we 
have a section of these beds displaying very interesting featmres. 
Lying on the Great Oolite we find beds of white gravel 8 to 12 
feet thick, made up of water-worn fragments of the Lincolnshire 
Oolite limestone. This white gravel gradually passes up into^ and 
is covered by, beds of dark brown gravel, made up almost ex- 
clusively of the detritus of the Northampton Sand. Beaiing in 
mind the reladve position of these parent rocks, we are at once 
led to conclude that the river, which formed this gravel, must have 
flowed from the west, and have cut its valley in the higher part 
of Its course, first through the Lincolnshire Oolite and then down 
into the Northsunpton Sand. In some places, as near Holywell 
Lodge, we find these gravels cemented by calcareous matter into 
great masses of solid rock. 

b. Pre^lacial brick-earths. — There is only one point within the 
limits of Sheet 64 at which I have found these beds exposed, 
namely in the brickyards at Melton Mowbray. Similar beds, 
however, occur at Billesdon, at Moulton, near Northampton, and 
at a number of points in the district of the Keuper. In all cases 
they appear to be formed of the detritus of a local rock, re- 
arranged and finely stratified. At Melton this local rock is the 
clay of the Lower Lias, and the beds might at the first glance 
be easily mistaken for the undisturbed beds of the Lias, especially 
as they include numerous derived fossils from that formation. 
Ac this place these brick-earths are overlaid by beds of sand, and 
these by the ordinary Boulder Clay,* which near here attains a 
thickness, as proved by well sections and borings, of not less than 
200 feet. 

c. Pre^glacial Sands and Gravels. — These beds, which are much 
more widely distributed than the two former classes, present very 
variable characters. Sometimes they consist of' beds of well 
stratified sand, with a few wiell rounded pebbles ; but they pass 
by insensible gradations into gravels, in no respect diflerent from 
those intercalated in the Boulder Clay," and from which diey are 
only distinguished by their position below that formation. They 
are probably of marine origin, but as yet, unfortunately, neither 
bones nor shells have been detected m any of the Pre-glacial 
beds of this district ; and we have no palseontological evidence to 
assist us in determining their age. 



• On two river channels buried under drift, belonging to a period when the bnd 
stood several hundred feet' higher than at present, by James Croll. Trans. Bdinb. 
Geol. Soc, Vol. I. p. 830. 

t On the discoverr of a ** Sand-dyke " or old River CSiannel running north and 
south from near Kirk of Shotts to Wishaw, Lanarkshire, by Eobert Dick. Ibid, 
p. 84.5. 
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d Pre-glacialf Lacustrine deposit — In the Casewick cutting 
of the Great Northern Railway a deposit, of small extent, con- 
taining plants and sheik of freshwater and terrestrial spedes, was 

observed and described by Professor 
Morris.* This deposit occupies a de- 
pression in the Kellaways beds, and ts. 
covered by gravels, which apparently 
belong to the glacial series. It seems 
to have been accumulated in a shallow 
pond or small lake; but its precise 
geological age is very doubtful. 

Professor Morris' description of the aectioii 
exposed in the Gasewick cutting at the time 
of the construction of the Great Northern 
Railway is as follows : — 

" Casewick Cutting. Freshwater beds. The 
Gasewick cutting traverses oolitic rock, which 
represents the Kellaway, Rock and Oxford 
Glay. These strata are overlaid by a deposit 
of grav0 7 or 8 feet thick. Towards ihe 
central part of the cutting a freshwater deposit 
is intercalated between tne oolite and gravel, 
occupying an excavation in the surftuse of 
the former. This deposit is about 30 yards 
in width ; and it has an average thickness of 
about 8 feet, and varies in thickness and cha- 
racter on each side of the ci^tting. It consists 
in the upper part of grey sandy clay, 2 feet ; 
brown sandy clay and veins of gravel, H foot ; 
a layer of peaty clay with fragments of plants 
and shells, Hfoot; dark sandy day, with 
plants and shells, pebbles of chalk and flint, 
and portions of the northern clay drift .in 
fragments. The base of the deposit is ex- 
tremelv irregular in outline {see Fig. 18 c), 
^d the sunace of the oolitic stratum is 
slightly disturbed and re-aggregated, as it is 
throughout the cutting. The following is the 
list of shellst : — 

Bithinia tentaculata and opercula, plentiful. 

Valvata piscinalis, plentifiil. 
* cristata, rather rare. 

Planorbis marginatus, rare. 

carinatus. 

imbricatus, only one. 

> . Limneus pere|^er, rare and immature. 

Succinea putns, rare and immature. 
Q .^ ^ -^^ Ancylus fluviatilis, rather plentiful. 

Veletia lacustris, rather plentiful. 

Gyclas cornea, rare : fragments. 
^ Pisidium amnicum, rather rare. 

pulchellum "I 

pusillum i- mostly immature. 

obtusale? J 

Helix hispida, rare. 

• pulchella, only two. 
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* Quart. Journ. Geol. Soc, vol. ix. (1863), p. 321, Fig. 2. 

t " The above list has been corrected by Mr. Pickerino, who has kbdly exai&iined 
flomc portions of the clay from this deposit. To Mr. T. R. Jones I am obliged for 
detirmining the ahove mentioned Cyprides." 
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. Helix aculeata (young), only one. 
Cazychium minimmn, only two. 
Cypris (small species), one valve. 
? Cfandona lucens (young), one valve. 
Candona reptans, three valves. 
Spine of Echinus 
Belemnites ... 

Area 



These are 



Cerithium .II- Me"ved from 

Other casts and" -fragments of marine ^^^ ^'^^'^ ^*y- 

animals ... 

Seeds and other vegetable . remains, as 

Ceratophyllum, Equisetum, &c. 

The freshwater deposit on one side of the cutting apneared to be intercalated 
with the superincumbent gravel, but on the eastern siae there appeared a well- 
defined line between it and the overlying ^vel, as if the freshwater deposit 
had been eroded ; the gravel forming a continuous and uniform covering over 
this bed and the adjacent sandy and argillaceous strata, in a depression of 
which the freshwater bed had been previously accumulated. The gravel deposit * 
consists, chiefly of rounded and angular flints, rolled quartz pebbles, and a few 
other rocks, as oolite, &c., and some small sandstone boulders, irregularly 
stratified with occasional layers of small pebbles, seams of clay and loam, and 
others much mixed with a chalky paste, the larger pebbles occurring at the 
base. The gravel overlies 3 feet of greyish brown sandy day, containing frag- 
ments of Belemnites and Grypluea, with veins of gravel at the upper part, which 
is irregular and wavy." 

Three miles to the westward, in the valley of the Gwash, another fresh^vater 
deposit, about 6 feet thick, intercalated with gravel* has been met with ; it 
contains land shells, &c., and bones, a;nd may be of slightly Uhter date than the 
one above described. 

B. Glacial Deposits. 

This division includes a great mass of deposits^ which, although 
they have suffered very extensive denudation, yet are often of 
great thickness in this district ; in places probably not less than 
'800 feet. They were evidently deposited during a period of 
intense cold, in which the land had undergone very extensive 
submergence ; that portion of it which remained above the sea 
appears to have been enveloped with great glaciers, like those 
which are now only found in the arctic and antarctic regions, 
while all over the bed of the ocean transported fragments of rock 
were dropped by floating iceberga 

a. Glacial or Boulder Clay. — No formation occupies so large an 
area in this sheet as the great mass of clay usually crowded with 
fragments of all sizes of rocks, for the most part foreign to the 
district, and which is known as the Glacial or Boulder Clay. 
This cJay where unweathered is usually of a blue colour, and 
though it occasionally appears to be rudely stratified, yet it is 
generally characterised by the absence «)f any regular arrange- 
ment in its materials, the confused heaping together of which is 
• a most striking feature. The rock fragments included in it, 
which often exhibit the polishmg, striation, and grooving charac- 
teristic of glacier- or iceberg-borne masses, consist of very various 
materials ; chalk and flint being the most abundant, especially in 
the pastern part of the area. In places the chalk is so abundant 
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tfaaft the bed is little more than a recoastructed mass of that rock, 
and even produces the vegetation which characterises the chalk 
soiUr. Thus the Rev. M. J. Berkeley informs me that he, many 
years ago, found growing on a patch of very chalky Boulder Clay 
at Benefield specimens of the Orchis ustulata^ Linn. ; a species 
which is usually confined to chalk downs and never appears on non- 
calcareous soils. It was probably a patch of this kind at Ridlington 
in Rutland which led to a notice in the Philosophical Transaction 
for 1821 on the discovery of chalk in that county, which has been 
referred to both by Mr. Lonsdale and Dr. Fitton.* Next in 
abundance to the fragments of chalk and flint, are those of the 
Jurassic rocks, which become more numerous in the western part 
of the area; then follow blocks of coal-measure sandstone, mill- 
stone-grit, and carboniferous limestone, while the older Palssozoic 
and granitic rocks are compa!ratively rarely^ represented. The 
Boulder Clay is found in many places capping the hills composed 
of Jurassic rocks; but in other cases it may be seen extending to 
the bottom of some of the deepest valleys, and it even underlies a 
portion of the Fens. It appears to have been spread like a great 
mantle over the surface of the denuded and submerged older 
rocks. When a junction is seen, these latter often present the 
appearance of having been eroded or reconstructed to the depth 
of several feet before the deposition of the Bouldef Clay. 

The far transported boulders in this district do not generally 
attain to any great size, though blocks of coal-measure sandstone 
and millstone-grit up to six feet in diameter are occasionally 
met with, as at Upton and Hallaton, which have been left on the 
surface by the denudation of the enclosing Boulder Clay. But 
the transported masses of local rocks are sometimes of enormous 
size, especially in the northern portion of this area, and in that to 
the north (Sheet 70). The attention of geologists was first directed 
to these great transported masses by Professor Morris, who found 
that at the south end of the Stoke tunnel on the Great Northern 
Railway, an enormous mass of the Lincolnshire Oolite limestone 
lay on undoubted Boulder Clay. During the mapping by Messrs. 
Holloway, Skertchly, and myself, of the districts which I have in- 
dicated, we have found a number of such transported masses, some 
of them far exceeding in size that described by Professor Morris, 
and composed both of the Inferior Oolite and the Marlstone 
Rock-bed. The position of these transported masses is indicated 
upon the drift map. They always appear to occur in the lower 
part of the Boulder Clay ; and by the denudation of the softer 
surrounding material often make a distinct boss, rising above the 
general surface. Stone pits are often opened in them, and they 
sometimes give off springs at their base. The largest of these 
transported masses, that capping Beacon Hill in Sheet 70, is , 
more than 200 yards across and is composed of the Marlstone 
Rock-bed. It is noteworthy that these masses always belong to 

♦ Phil. Trans., vol. Ixxxi. pt. 2, p. 281, referred to by Dr. Fitton in TVgns. GroL 
Soc.f 2iid ser., vol. iv., p. 308, and notes, p. 388*. 
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the rocks which foru;L the highest ground* and^ which in the glacial 
submergence would constitute the last points remaining above 
water. The only agency, it appears to me* by which these enor- 
mous masses could hay^ been transported* is that of floating ice. 
Some of the masses of the Marlstone Rock-bed iiave been carried 
across deep valleys, a distance of probably not less than 30 miles. 
b. Glacial Gravels, — These consist of an accumulation of frag- 
ments of rock, often of considerable size* and, not unfrequently, 
retaining their glacial markings; they often exhibit the most 
remarkably contorted stratification. Their materials are almost 
identical with those of the boulders in the Boulder Clay, consisting 
of rounded fragments of hard chalk, often in prodigious abundance, 
angular flints* masses of Oolitic* Liassic* and Carboniferous rocks 
with some from older formations. Indeed these gravels might 
aptly be described as Boulder Clay in which* from the action of 
some local cause, the argillaceous matrix has not been deposited. 
These gravels are in some places seen to be actually interstratified 
with, the ordinary chalky Boulder Clay, and at times to pass 
insensibly into it ; while they are often found* through denudation* 
capping hills of Boulder Clay ; they are quite as often found under- 
lying a great thickness of that deposit. It is an interesting and 
significant circumstance, that in the western parts of the district* 
where the glacial series occupies the highest grounds* these 
gravels acquire great importance, while in the eastern part of the 
area they are generally confined to thin seams and patches in the 
midst of the Boulder Clay. Probably we should be right in 
regarding the glacial gravels as exhibiting the littoml condition 
of the Boulder Clay. 

Sometimes these beds of gravel are very violently contorted* 
exhibiting evidences of just such lateral pressure as would be 
produced by the grounding of icebergs. A good typical section 
of these greatly contorted glacial gravels is exhibited in the large 
pit between Whadborough and Ouslon. {See Fig. 19* p. 248) 

As is well known* similarly highly contorted beds are not un- 
frequently found in the midst 6f the Glacial Series, as in the clifls 
of Norfolk* Sufibik* &c. • These, remarkable appearances have 
been variously interpreted in different cases; by the grounding of 
icebergs* the thrusting up of ice-floes on a shelving coast during 
storms, and the melting of great masses of ice* enclosed in the 
deposits of mud and sand. 

Although some geologists have attempted to show that the 
great glacial formations composed of clay* and sand or gravel, 
respectively* belong to perfecUy distinct periods and mark different 
climatal and physical conditions in the Midland district of Eng- 
land, and even entire changes in the disposition of the land and 
sea of the period ; yet nothing can be clearer that in the area we 
are more particularly describing the beds of glacial clay, sand and 
gravel, replace one another in the most capricious manner, and are 
evidently dependent on the action of causes of extremely local 
character. 
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c. Glacial Sands, — These are coarse, siliceous sands usually of 
a red colour, and with much false bedding, sometimes, as near 
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Pickwell, attaining a* considerable . thickness and being inter- 
stratified with the other glacial deposits. Their relations to the 
Boulder Clay are identical with those of the last described bedsj 
into which, indeed, they sometimes pass by insensible gradations. 

C. Post Glacial Deposits. 

In this group we include all those masses of material, which, 
from actual superposition, or from the fact of their containing 
derived fragments of the glacial beds, are inferred to be of later 
date than the last mentioned. 

a. Cav€ Deposits. — The facility with which all limestone rocks 
are hollowed into caverns by the solvent action of subterranean 
waters is frequently illustrated in this district ; but the rapidity 
with which the Oolitic rocks undergo denudation has prpbably, 
in most cases, prevented such caverns from being the means of 
preserving the exuviae of extinct animals like the great caves 
of the Carboniferous and other older and harder limestone rocks. 
The only point within the limits of Sheet 64 at which a cavern 
has been found is at Tinkler's Quarry near Stamford. Here, 
during the quarrying operations about 30 years ago, a small 
cave was met with, the earth on the floor of which contained 
the teeth and bones of Carnivora, Bumimmts, and Elephants. 
All traces of this cavern, which was of no great size, have dis- 
appeared in consequence of the continued working of the quarry, 
and the remains found in it appear to have become scattered. 
Fortunately however some of them have been secured for scientific 
examination by the zeal of S. ' Sharp, Esq., formerly a resident 
at Stamford. These were submitted to Professor BoUeston of 
Oxford, who pronounced them to be as follows : — 

HytBticu Teeth of two individuals. 
Ekphas, Portion of a tooth of a small individual. 
Cervus megaceros. Tooth. 
Cervidce. Various remains. 
The long bones appear to have been in all cases broken for 
the extraction of the marrow^ and in some instances they exhibit 
indications of having been gnawed. 

I was unable to obtain exact information as to the size of 
this cave: by some, who saw it/ it is said to have been from 15 to 
20 ft square, by others, to have resembled only a large fissure. 
There can be no doubt that this, like the caves of Settle and 
Kirkdale in Yorkshire, the caves of the Vale of Clwyd in North 
Wales, the Gower Caves in Glamorganshire, Wookey Hole in 
Somersetshire, and other similar caverns, was once the den of hyenas, 
and that the other bones belonged to animals which had been 
seized and carried, by the carnivores, to their lair to be devoured. 

b. Valley Gravels. — These gravels are found occupying the 
bottoms and sides of the existing river valleys, and in some places 
extending to elevations of from 40 to 50, or even a great number 
of feet, above the present levels of the rivers. They are at once 
distinguished from the pre-glacial valley gravels, before noticed. 
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not only by their relations to the presept system of drainage, 
but by being composed of materials evidently derived from the 
Boulder Clay of the district^ such as chalk flints and fragments of 
Palaeozoic rocks, and mingled with the detritus, derived directly 
from the beds of the Jurassic aeries. The pre-glacial valley gravels 
consist, as we have already seen, of the latter class of materials 
only. It is along the valleys of the Nene and Weiland that we 
find the largest deposits of these gravels; but along the sides of 
some of the minor valleys, such as those of theChater, the Gwash, 
and the Glen, fringes of similar gravels are also found. At some 
points, as about Elton, the passage of water through these masses 
of gravel has, by the solution and re-deposition of calpareous 
mattery resulted in the formation of indurated masses like those 
described as occurring in the pre-glacial gravels. 

Along some of the larger valleys, these gravels may be classed 
as belonging to two different series, .according to their elevation 
above the present level of the river ; and these are called the 
high-level and low-level valley gravels. 

Occasionally the valley gravels yield sTiells which are found to 
be all of a fresh-water character and belong to species still living 
in the rivers which now occupy the valleys. Such shells are by 
no means common in the valley gravels of this area, and arc 
very local in their mode of occurrence. It is only where a thin 
seam of sandy loam occurs interstratified with the gravels that we 
have usually any chance of detecting such moUuscan remains 
preserved. 

Mammalian remains however are much more common in the 
district, and local collectors might probably, by watching the 
excavation of some of the large gravel pits of the district, obtain 
interesting series of such fossils. As is well known the mammalia, 
represented by the bones, teeth, &c. found in these gravels, include 
species altogether extinct and others now only found in far distant 
regions; and these are mingled with remains of forms still living 
in the area. The tusks and teeth of elephants, with the teeth of 
the rhinoceros, hippopotamus, hyaena, and horse, and the horns of 
the red 'deer and urus occur in the valley gravels of this district. 

These valley gravels have of late years attracted much atten- 
tion owing to the discovery in them of flint implements, un- 
doubtedly fashioned by human agency and associated with the 
remains of extinct mammalia. No such discovery of flint imple- 
ments has as yet, however, been found within the limits of 
Sheet 64. 

At some points, as New England, near Peterborough, the 
valley gravels are found to be covered by deposits of loam crowded 
with terrestrial shells of recent species. These loams appear to be 
analogous in their character, and mode of occurrence, with the 
continental " Loess.'* 

c, Estuarine Gravels. — The valley gravels afford ample evidence 
that the existing rivers formerly flowed at much higher elevations 
than at present. We have also clear proof that, at the periods when 
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these higher level gravels were formed, the whole of the flat lands 
of the fens were submerged beneath the sea^ and the estuaries of 
the Nene and Welland were at the points now occupied by the 
towns of Peterborough and Deeping. At some distance above 
these points the gravels, which form a continuation of the valley 
gravels just noticed and serve to form a link between them and 
the marine deposits of the Fenland, were of esiaarine character 
and contain an admixture^of fluviatile and marine shells. Such 
estuaiine gravels have been found at Peterborough and at Over- 
ton Waterville. At the latter locality they have yielded Ostrcea 
eduliSf Cardium edule, Planorbis carinatusy Aneyius flumaiilisy 
Bithinia tentaculatay Lymnea glutinosa^ Pisidium amnicumy &c. 
With these shells were associated the remains of Elephas primi- 
ffeneusj Rhinoceros tichorinus, Equus cabattus^ Canis lupus, Hycsna 
spelma, Cervus elaphus, Bos primigeniusy &c. 

d. Marine Gravels of * the Fenland — As. the ordinary valley 
gravels graduate into the estuarine gravels, so these last pass in- 
sensibly into the marine gravels of the Fenland. In the materials 
of which they are composed, indeed, these several gravels are 
quite indistinguishable from one another, and the classification 
adopted for them is based on their geological relation and the . 
nature of their organic remains. The gravels of the Fenland 
sometimes contain an abundance of marine shells and some 
marine mammalia, these being mingled with the bones, teeth, and 
horns of the same terrestrial species as occur in the estuarine and 
fluviatile gravels. The marine shells are almost all of existing 
species, and such as inhahit neighhouring seas; they usually 
present a marked littoral fades. Among those most commonly 
found are Cardium edule, Littorina littorea, Turritella commumsy 
Buccinum undatumy Tellina solidula^ Ostrea edulisy Mytilus edulis, 
Cyprina Islandicay &c. The only indication of the prevalence of 
climatal conditions differing from those of the neighbouring shores 
whioh I have found in these gravels, is the abundance of Cyprina 
Islandica, a shell which, however, occurs in sufficient abundance 
on the coast of Yorkshire, only a little distance to the northwards. 

These marine gravels evidently formed beaches surrounding 
the old sea which once covered the Fenland, and they, are clearly 
seen, not only at the boundary between the Fens and the higher 
land surrounding it, but forming belts round the numerous 
islands^ composed of Oxford Clay or Boulder Clay, which diversify 
the surface of the former. In some cases the gravels are found 
extending to considerable distances below the silt and peat of the 
fens; and such deposits may mark the gradual extension of marine 
conditions over the area in consequence of subsidence. The 
marine gi'avels of the Fenland may therefore be considered as 
representing the littoral condition of a considerable series of 
deposits, among which are the silts to be hereafter noticed that 
were formed while the greater part of the district was covered by 
the sea : the small eminences which now make such marked 
features in the Fens, such as those occupied by the towns of 
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Whittlesea and Crowland, and the villages of Eye, Tfaorney, Sx. 
then forming islands or shoals. 

e. Peat interstratified with Marine silt — Over the soathern 
part of that area of the Fenland included within the limits of 
Sheet 64, extensive beds of peat^ intercalated with marine silt^ 
occur at the surface, but to the northwards these are covered under 
a greater or less thickness of the marine warp deposited by tidal 
waters, which we shall have to further notice hereafter. The 
former district is distinguished by the prevailing black colour of 
the soil, while that of the latter exhibits a marked reddish tint : 
while the former, too, is comparatively infertile and can only be ren- 
dered of service to the farmer by extensive operations of trenching 
and " claying " (that is digging the substratum of Oxford Clay or 
Boulder Clay and spreading it over the surface; ; the latter is, as 
soon as it is drained, remarkable for its great productiveness. 

There are usually two, and occasionally more, beds of peat, 
varying in thickness in different places, and separated by masses 
of marine silt. The peat, as is well known, is made up of vege- 
table remains, those of a species of Sphagnum constituting a 
great part of the mass. Trees of large size, inclading the oak, 
birch, and other species still growing in the country, are very 
frequently dug out of the peat. The remains of animals which 
once roamed through these old forests are also very commonly 
found, Among the most abundant of these are the wild oxen 
{Bos primigenius and B. frontosus), the Irish elk, the wild boar, 
the red deer, bear, otter, beaver, wolf, fox, &c. 

The marine silt which is interstratified with the peat, and 
indicates the occasional submergence of the old terrestrial surface 
beneath the surface of the sea, is generally of a light-blue or grey 
colour and is locally known as the " buttery clay/' Marine shells 
such as Ostrea edulis, Cardium edule, Scrobicularia piperata, are 
occasionally met with in it, but are by no means common ; many 
very beautiful species of Foraminifera have, however, been col- 
lected from it. The remains of marine mammalia, such as the 
whale and seal, are by no means uncommon in it. 

The substratum of the peat, &c. of the fens is usually the . 
Oxford Clay wliich is locally known as ''gait." In some places, 
however, the Boulder Clay is found lying immediately below the 
peat and silt; and sometimes, where the peat is thin, beds of sand 
and gravel occur. 

The removal of the water from the peat, by drainage operations, 
causes a great contraction in the mass and, in consequence, a 
subsidence of the surface, which is often of very considerable 
amount. An interesting example of this may be seen in the main 
line of the Great Northern Railway where it a'osses the Fenland 
in this area. Although, originally laid quite level, yet, when the 
eye is placed at the surface of the ground the rails are now seen 
to form a well marked curve, owing to this subsidence. At St. 
Mary*a Station, in consequence of the shrinkage of the peat, one 
waJl has had to be built on tlie top of another, which has been 
swallowed up. Near Holme, an iron column erected upon the 
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foundation of the subjacent Oxford Clay shows that a contraction 
of the superficial deposits of the fenSj in that place, to the extent 
of seven feet has occurred since 1848. 

The peat is extensively dug and used locally for iiieL It is possible 
that a more extended application of this material^ so abundant in 
the district, may result from some of the important methods of 
treatment for it which have been invented during the last few 
years. The marine silt is sometimes dug for brick-making. 
Some years ago it was worked for this purpose at Crowland, which 
is within the district described in this Memoir. . 

/. Alluvium of the Old Fen Lakes. — Within recent years the old 
lakes or ^ meres ^ of the Fenland have all been drained, and the 
sites of Wittlesea Mere, Ramsey Mere, Ugg Mere, and others 
are now only marked by patches of alluvium or freshwater silt. 
These lacustrine deposits are of a light-gray colour, and often 
so crowded with shells of Unioy Anodon, Paludinay Planorbis, 
Lymnea^ &c., as to constitute a shell marl, which imparts fertility 
to the land once occupied by the lakes. These lake alluvia are, 
however, usually of insignificant thickness, and the operations of 
the farmer are rapidly obliterating even these traces of the once 
famous Whittlesea Mere and other similar lakes ; of which there 
will soon remain nothing but the name. 

g. Alluvium of the present Rivers, — The flat bottoms of the 
valleys of the existing rivers are covered with a fine black loam 
or silt which is still m process of formation, a constant accession 
to, and redistribution of, its material taking place as the result of 
ordinary river action. This loam is often crowded with the sheila 
of those molluscs which live on terrestrial surfaces or in marshes ; 
and the deposit, which is in course of accumulation, in everv 
respect resembles that found at higher levels in connexion with 
the old valley gravels, and which, as we have already stated, 
presents so striking a resemblance to the continental '^ Loess." 
The flats formed by these alluvial deposits, which are very exten- 
sive in the valleys of the Nene and Welland, are, during the 
winter season, for the most part under water ; they are distin- 
guished for their great fertility and constitute most admirable 
grazing land& 

A. Marine Alluvium or Warp of the Fenland. — With the recent 
deposits just noticed as still undergoing accumulation we must 
notice the marine silts, which by the action of tidal waters are 
formed in the " washes '' of the Fens. Beds of this character are, 
however, of very limited extent within the limits of Sheet 64, 
being confined to the Cowbit and Crowland Washes. Except 
where beds of peat intervene, it is impossible to separate these 
deposits, which are still being formed, from the old marine silt 
before noticed as being probably of the same age with the gravels 
which surround the Fenland. 
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CHAPTER XL 

POSITION AND DISTURBANCES OF THE STRATA, 

FAULTS &c. 

General Dip. — As already intimated^ the whole of the Jurassic 
Socks rise steadily towards the N.W. corner of Sheet 64, so that, 
in that part of the area, beds as low in the series as the Marlstone 
Rock-bed form very prominent hills, rising to heights of more 
than 700 feet above the sea level ; while the beds of Oxford Clay 
form the substratum of the Fens in the S.E. corner of the map. 
A line drawn from the Roman Camp, on Burrow on the Hill, to 
Peterborough passes in succession over all the Jurassic rocks^ 
from the Marlstone to the Cornbrash inclusive, and is about 27 
miles long ; while the first-mentioned spot is, however, more than 
700 feet above the sea the latter is only between 20 and 30 feet 
above high-water mark. Knowing the thickness of the different 
strata of the Upper Lias and Lower Oolites, we have thus the 
necessary data required for calculating the general dip of the 
strata between the two localities. This is found to amount to 
about 1 in 120 or 44 feet per mile. 

This area which, as we have shown, is so remarkably interesting 
from exhibiting an almost totally new succession of beds, as com- 
pared with the Oolites of the south of England, the Cotteswolds 
and Oxfordshire, presents likewise some noteworthy phenomena 
in the character of the disturbances which its beds have under- 
gone. 

Foremost among these we must call attention to the remarkable 
change which takes place in the direction of the dip and strike of 
the Jurassic strata. From the Cotteswold Hills to the northern 
boundary of Northamptonshire, the strike of all the Secondary 
strata is from N.E. to S.W., and their dip from N.W. to S.E. 
Throughout Lincolnshire and South Yorkshire, however, the 
strike is changed to nearly due N. and S., and the dip to E. and 
W. The line at which this change of direction takes place 
nearly coincides with that at which the Welland and its tributary 
streams has made a breach through the scarped table-lands 
formed by the Middle Lias and the Inferior Oolite beds. It is 
noteworthy that along this line occur the two greatest faults of 
the district) namely, that passing by Billesdon and Loddington 
and that from Tinwell to Walton. Between these occur a number 
of smaller faults running in the same general W. by N., and E. 
by S., direction, with others transverse to them. In pointing out 
this fact, it is of course not sought to be intimated that the exist- 
ing valley of the Welland has been directly produced by the faults 
in question ; although, by throwing down the softer beds against 
those less susceptible to denuding forces, by determining the 
initial course of streams when the land rose at successive periods 
above the sea-level, and by the influence which they can scarcely 
have failed to produce on the contours of the surface, they have 
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doubtless directed, controlled, and modified the effects of subaerial 
forces. The subterranean action to which these faults are due 
must have acted side by side with the meteoric forces in producing 
the existing forms of the surface ; and in this manner have con- 
tributed to the definition of the position and form of the valley in 
question. 

Through the long line of the Cotteswold Hills and to the 
southwards, it is noticeable that the strike of the Jurassic rocks 
again becomes nearly due K and S., or nearly parallel to that of 
the strata of Lincolnshire. Where the change of strike takes 
place we have here again a number of important faults ; namely, 
those produciilg, by the downthrow of the Inferior Oolite, the great 
outlying masses of Bredon, Dumbleton, and Oxenton Hills ; those 
traversing the great Cotteswold plateau ; and those which, in the 
country S.W. of Banbury, throw the Northampton Sand and the 
Marlstone Rock-bed into such frequent close proximity, and have 
thus been the occasion of difficulty to many early observers who 
sought to study the order of succession of beds in the area. The 
direction of these great lines of faults is nearly identical with that 
of those we have alluded to in Sheet 64. In North Yorkshire 
the line of strike of the Jurassic beds again changes to N.E. and 
S.W. At the line along which this change takes place the Jurassic 
strata are almost wholly concealed by the overlapping of the 
unconformable Upper Cretaceous rocks. There are indications 
however, that transverse faults do occur at this line of change of 
strike and dip, as well as the others already noticed. 

Although the general dip is, as we have noticed, of small 
amount in the area we are describing, the beds are affected by a 
great number of local dips ; these are like the perturbations which 
affect a planetary orbit, but do not seriously interfere with the great 
curves in which the body moves. Such minor curves can only be 
detected where the geological lines are capable of being exactly 
followed over considerable areas, though their effects are often 
manifest in the preservation of small outliers and inliers. When, 
however, the strata of a district are exposed in a sea-cliff, as on the 
Yorkshire coast, these long sweeping curves, into which the strata 
are thrown, are sufficiently obvious, especially when they are seen 
foreshortened* Occasionally in railway-cuttings the same phe- 
nomenon is visible, and this is the case within the district under 
consideration in several of the yery deep sections on the main 
line of the Great Northern Railway. Thus in the Danes' Hill 
cutting the strata evidently lie in a long shallow synclinal (see fig. 1 5, 
p. 196), and similar evidence of slight foldings of the beds are to 
be seen in other cuttings on the same line. Sometimes the same phe- 
nomenon is. manifested when the small local dips are carefully 
observed. Cases of this kind occur north of Elton and else- 
where, and are recorded on the map. Precisely similar phenomena 
liave been described in the case of the Cotteswold Hills by Pro- 
fessor Hull. (See Quart. Journ. Geol. Soc, vol. xi. (1855), p. 483). 
At a few points the strata are evidently bent into folds of a 
much more decided character. Thus at Helpstone brickyard the 
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Upper Lias Clay is brought up among the Lower Oolites, 
through the agency of a very sharp fold and the dips here amount 
to as much as 30°. This fold is situated close to, and is doubt- 
less connected with, the great Tinwell and Walton Fault The 
inlier of Upper Lias Clay seen at Thornhaugh is probably 
exposed in consequence of a similar but much less violent folding 
of the strata. At Wild's Ford, three miles west of Stamford, 
there is evidence of another small anticlinal and this is near to, 
and probably connected with, a small fault Near Walton station 
the Combrash beds show signs of disturbance, and a small anti- 
clinal can be traced. In the two small inliers of Brigstock Parks 
and Little Oakley the Inferior Oolites and Upper Lias have been 
subjected to a number of small rolls and faults, which do not 
affect the Great Oolite beds lying unconformably above them. 
One of these anticlinals is admirably exhibited in an old pit in the 
Northampton Sand opened in a field midway between Sud- 
borough Lodge nnd the lodges in Brigstock Parks. 

By far the largest amount of disturbance in the district is how- 
ever due to the great faults which traverse it. The principal 
of these cross the area in a W. by N. and E. by S. direction. 
Xhey have occasioned downthrows towards the N.) some in places 
amounting to not less than 150 feet 

The Billesdon and Loddington Fault has produced a very 
marked effect on the geological configuration of the countiy, 
The lateral displacement occasioned by it has thrown the outcrop 
of the Marlstone Rock-bed far from its normal position, and 
caused it to form the two great spurs culminating in Billesdon 
Coplow and Burrow Hill respectively. It has also been the 
cause of the preservation of a large tract occupied by the Upper 
Lias Clay and of the interesting outliers of Northampton Sand 
capping Whadborough Hill, Robin-a-Tiptoes, Barrow Hill and 
another hill behind Loddington. Colborough EBll, too^ though 
now entirely formed of Upper Lias Clay, evidently owes its form 
and preservation to a cap of the Northampton Sand, which 
certainly once existed at its summit, but has now been wholly 
removed by denudation, llie actual junctions along this line of 
fault are often much concealed by great masses of ulacial gravel 
and Boulder Clay. Where these are cut through by streams, as 
near Tilton Wood, south of Wildbore's Lodge, and at Loddington, 
some very interesting cases of the juxtaposition of beds of dif- 
ferent age may be made out. This fault appears to diminish in 
amount towards the E. ; but towards the W. it can no longer be 
traced, as it traverses a district composed of various Lower Lias 
beds almost wholly of an argillaceous character, which are deeply 
covered by drift The portion of this fault which is determinable 
is about 7 miles long. 

The great Tinwell and Walton Fault has a throw, probably of at 
least equal amount with the last and, traversing, as it does, a num- 
ber of comparatively thin and well marked strata, its effects are 
very striking, even to a superficial observer of the structure of 
the country. The curious manner in which the various beds of the 
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Lower Oolite and the Upper Lias are thrown together at diffe- 
rent points isveiy interesting ; as can be seen by an inspection of 
the map; some of these junctions have been described in detail 
by Mr. Sharp in his valuable memoir. Among the points of 
special interest along this line, where its effects are strikingly 
exhibited, we may instance Stamford, where, on one side of the 
fault, the Inferior Oolite is seen, capping the hill south of the 
town, while on the other side of the fault it occupies the valley. 
At Helpstone brickyard, the effects oFthe fault are very conspicuous, 
for here, in combination with the anticlinal roll already mentioned, 
it brings into contact the Cornbrash and the Upper Lias Clay. 
To the action of this great fault is due the circumstance that, 
although on the south of the Welland vaUey at Stamford the plateau 
is formed of the lower beds of Lincolnshire Oolite, diversified by 
a number of inliers of Northampton Sand and Upper Lias Clay ; 
yet northwards of Stamford the plateau is formed of the highest 
beds of the Lincolnshire Oolite, over which a number of outliers of 
the various strata of the Great Oolite are scattered. The length 
of the Tinwell and Walton Fault is about fourteen miles ; it appears 
to diminish in amount and at last to die out both towards the east 
and west. 

At the town of Stamford, as proved by the different levels at 
which many of the springs arise, the district is complicated by 
several faults parallel to the great one just described ; but the 
impossibility of obtaining reliable information concerning the 
wells and other artificial openings, as well as the small scale on 
which the map is constructed, has prevented their being indicated. 
Ketween the two faults which we have just described, there are 
a number of smaller ones which have a parallel direction, and, 
lying in the country between them, may be presumed to belong to 
the same system of disturbance. These are the small faults at 
Whitwell, at Hambleton and Normanton, and at Lynton, the effects 
of which, in the displacement of the strata, will be suflBciently 
obvious to any one examining the map. 

Sunning transversely to these E. and W, faults are a number of 
others which appear to be connected with them, but are of less 
amount and appear to represent cross fractures. They have a 
general N. and S. direction. 

Such small faults are seen between Bainton and Barnack and 
east of Helpstone, on the downthrow side of the great Tinwell 
and Walton Fault. At Stamford is another similar fault which is 
of very great interest in consequence of the manner in which it is 
exhibited. Its effects, in throwing the Northampton Sand against 
the Lincolnshire Oolite, are sufficiently obvious in mapping the 
country ; but, fortunately, the line of fault is actually crossed by 
a cutting at the Midland and North-Western Railway Station at 
Stamford. This interesting section is represented in Fig. 7, page 
103. 

Running southwards from Wild's Ford are several faults, one 
of which can be traced for a distance of eight miles, by Ketton 
and Duddington. Its effects are well exhibited in the broken 
strata of the Geeston cutting on the Midland Railway, and still 
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better by the interestiDg lateral displacement of tbe CombraBli 
and Great Oolite strata south of Duddington. This fault appears 
to have its greatest throw in the central part of its course, west of 
the village of Colly weston, but to gradually diminish in amount 
and finsdly to die away both northwards and southwards. In 
the outlier south of Duddington, the throw is probably about 
dO or 60 feet The neighbouring parallel faults do not present 
any feature of special interest, and their effects are sufficiently 
illustrated by the map. 

To the westward we find, running through Pilton and near 
Lyndon and Normanton towards Whitwell, a north and south 
fault, of about four miles in length, which appears to be connected 
with the three east and west faults already noticed. This &ult 
has been the cause of the preservation of some interesting small 
outliers of Inferior Oolite. 

Besides the faults already noticed, which appear to have a 
connection with one another and to form a system traversing the 
central part of the area described iti this Memoir, there are a 
number of other, generally small, dislocations which affect the 
beds in other parts of the area. Some of these have a marked 
parallelism with the two great faults described above, others 
appear to have an equally marked transverse or north and south 
direction, while in a few cases the direction does not enable us to 
class them with either. 

The interesting fault passing to the north of Elton has a 
parallel direction, but an opposite throw, to that of the great Tin- 
well and Walton fault, from which it is distant six miles ; its effects 
are, however, much less marked, as the amount of vertical dis- 
placement of the beds is probably not more than 30 or 40 feet 
A similar, but shorter fault occurs on the opposite side of the 
Welland near YarwelL 

The faults at Neville-Holt, Rockingham, Wilbarston, and 
Stoke- Albany run in a nearly N.W. and S.E. direction. They 
all appear to be of small vertical amount. The Neville-Holt 
fault has produced an interesting result in the letting down, and 
consequent preservation, of a mass of Northampton Sand and 
Lincolnshire Oolite, now forming a very conspicuous outlier. 
The Wilbarston fault is probably continuous with that which 
runs through Pipwell, of which the effects are very marked. Tbe 
Stanion fault has a nearly parallel direction but an opposite 
throw to the last, and consequently to a great extent reverses iis 
effects. 

The N. and S. fault, which, by an upthrow on the W. gives rise 
to the appearance of an inlier of Upper Lias and Northampton 
Sand, in the course of the Willow Brook at Little Weldon, can 
only be traced for a short distance on account of the thick covering 
of Boulder Clay which conceals all the higher grounds. 

Two other small faults of some interest remain to be noticed. 
The first of these is that which passes near Sudborough, in the 
sheet to the south of that now described (see Greol. Surv. Quart 
Sheet 52 N.E.), and which is continued in Sheet 64 ; the second 
is the fault running by Stilton and producing great vertical dis- 



POSITION AND DI8TUBBAN0ES OF THE STRATA, FAULTS, &C. 259 

placement, but of which the length cannot be determined, owing 
to its passing under the great drift deposits which cover the 
Oxford Clay country. By this fault a small patch of Combrash 
is thrown down in the midst of the Oxford Clay on the edge of 
the Fens. 

The small faults which cross the inliers of Little Oakley 
and Brigstock Parks are of very little interest in themselves, but 
acquire importance from the facts, already sufficiently noticed, of 
their affecting only the Inferior Oolite and Lias beds, and not the 
unconformably overlying Great Oolite strata. The same is the 
case with a small fault shown in Quarter sheet 52 N.W. and just 
on the border of the district included within Sheet 64. 

lUustratious of the manner in which the beds are found td be 
disturbed as they approach |a fault, are seen at many points within 
the area now being described. One of the most marked ex amp les, 
among many that might be mentioned, is seen at Hilly Wood, 
one mile south-west of Helpstone, where, by the Great Tinwell 
and Walton fault, the Cornbrash is thrown down against the 
Lincolnshire Oolite; the former is here seen to be bent up 
violently, in one place at an angle of 65^. 

The connection which sometimes exists between faults and the 
outburst of mineral springs, appears to be illustrated within this 
area by the Neville-Holt Spa and the Stamford Spa. Possibly 
some of the other mineral springs to be hereafter mentioned may 
make their appearance on lines of fault which it has not been 
possible to detect. 

That the faults mapped and described include all which traverse 
the area is by no means probable. Over considerable areas clays 
of enormous thickness prevail without any well defined hard 
beds, and among these it would be impossible to detect disloca- 
tions while running the geological lines; other large areas are 
hopelessly concealed from our observation by thick masses of 
Boulder Clay and other drifts. Of some of the faults actually 
detected it is not possible to trace more than a small part of 
their course, owing to the same causes. 

The age of the production of the faults and flexures of the strata 
in this area cannot generally be fixed within very narrow limits. 
They have evidently been brought about in the course of some 
of the great movements which we know to have taken place 
during that enormous interval which elapsed between the Jurassic 
period and the deposition of the drifts. An exception must be 
made in the case of the small foldings and dislocations seen in the 
inliers at Little Oakley, Stanion, Weekley, &c. ; these must, evi- 
dently, have been produced in the period which elapsed between the 
deposition of the lower part of the Inferior Oolite and the Great 
Oolite ; that is, in the period represented by the higher zones of 
the Inferior Oolite, which in this district was not marked by the 
deposition of strata, but by a certain amount of upheaval and 
disturbance, producing unconformity between them and the strata 
next laid down, namely, those of the Great Oolite. 
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CHAPTER XII. 
MISCELLANEOUS- 

Denudation. — Nowhere are the results of denudation more 
obvious and unmistakeable than among the thin and easily- 
recognizable beds of the Lower Oolites. That limestones like 
the Combrash and Great Oolite of the district, which everywhere 
present such uniform characters, both lithological and palseon- 
tological, together with the well marked ar^Ilaceous strata which 
alternate with them, once extended completely over the whole 
district must be plain to every one who has followed the de- 
scriptions in this Memoir or traced the beds on the ground. 
The exact correspondence of the strata on the opposite sides of 
the valleys is everywhere so striking, that we soon learn in imagi- 
nation to restore the continuity of the beds. 

When, standing in a narrow valley, we note this exact corre- 
spondence of the strata which form its opposite sides, the first 
idea which suggests itself to the mind as the probable cause of 
the phenomena presented, is that a mass of rock has been rent 
asunder and that the valley is nothing but a gaping fracture. A 
little consideration, however, will soon- show that this impression 
is due to the want of correct appreciation by direct vision of the 
true relations of horizontal and vertical * dimensions, and is as 
truly the result of an optical delusion as the apparent increase in 
size of the sun or moon when near the horizon. It is only 
necessary to measure the height of the opposite sides^ together 
with the breadth of the valley, and then to plot the whole on a 
true scale to be convinced that the hypothesis of fracture is 
altogether inadequate to explun the phenomena, and that an 
actual removal of the large masses of rook which once filled the 
valley has certainly taken place. 

This view is confiimed when we come to examine the position 
of those lines of fracture which, in the preceding pages, we have 
proved to exist in the area. These seldom bear any direct relation 
to the contours of the surface of the ground, and in fact the faulu 
as frequently run across to tops of hills as along the lines of valleys. 
It is abundantly clear, however, as we have already seen, that the 
faults have very greatly affected the existing contours of the surface 
of the country by placing beds of different degrees of hardness in 
new relations. 

The truth of these views will be at once manifest to any one 
who takes the trouble to examine with care the horizontal sections 
across the area, which are published by the Geological Survey, 
and are drawn on a uniform horizontal and vertical scale of six 
inches to the mile. 

When we inquire as to the causes which have operated in the 
removal of these great masses of strata we shall not have far to 
look. In the stream which flows at the bottom of the valley we 
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find the instrument, in the peculiar sinuous orms of the valley 
we find the characteristic tool marks, and in the patches of gravel 
which lie upon its sides we see some of the heaps of chips which 
mark different stages of its operation. 

This Memoir is not the place to point out the various con- 
siderations^ such as the forms of the valley, the position and 
composition of its gravels, the amount of rock-derived materials 
in solution and suspension in the waters of the stream^ which 
have enabled geologists to demonstrate that the present valleys 
have all been excavated by the streams that still flow in them; 
and that in a great majority of cases these results have been 
produced within periods which, though very great according to 
our ordinary methods of computing time, are geologically speaking 
of short duration. It is sufficient in this place to remark, that, 
to the careful observer^ the valleys of the Nene and Welland, and 
of the numerous smaller streams which traverse the district, 
afford innumerable and very instructive illustrations of the mode of 
operation and the results, of the causes referred to. 

Along the sides of the valleys and on the slopes of the steep 
escarpments the effects of another of the great denuding forces 
may be constantly observed. This is the producdon of landslips 
by the slipping of the great masses of solid rock over the clays 
on which they so frequently rest. This action is greatly aided 
of course by the jointed condition of the limestones^ and the 
springs which so constantly bunt out at their junction with the 
clays. Interesting illustrations of these landslips on a considerable 
scale are to be observed at the village of Gretton, which is built 
on a mass of Inferior Oolite that has slipped for some distance 
over the subjacent Upper Lias Clay. That the causes which 
have brought about this displacement of the beds have not ceased 
to operate, is shown by the fact that cracks appear from time to 
time in many of the houses of the village. Similar slipped masses 
may be observed at various points along the faces of the two great 
escarpments of the district, and indeed their frequency calls for 
constant care in mapping the out-crops of the harder beds along 
the escarpments ; in some places the true position of these out-crops 
is so greatly obscured that they have had to be represented by 
dotted lines. That evidence exists of similar landslips having 
taken place from the great escarpments, which were probably 
higher than at present, &fore the deposition of the Boulder Clay, 
has already been shown. The slipping of great masses of lime- 
stone rock over the clays along the sides of valleys is well 
illustrated on the sides of the Willow Brook, at the village of 
King's Cliffe, and at numerous other points which might be 
mentioned. 

By the agency of the landslips the highest and hardest rocks of 
the country are being gradually brought within the influence of 
the streams, which in time wear away fragments of the shattered 
masses and grind them into pebbles and sand. 

The tendency of the efieots produced by the erosion of streams 
in the lower grounds and the contributory causes of landslips 
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and atmospheric weathering in the higher and more exposed 
situations, is to gradually lower the surface of the country and to 
destroy the prominence of its natural features. Thus it is plain 
that, in the country under consideration, unless counterbalanced 
by the action of subterranean causes producing elevation, the 
valleys are being continually deepened, while the escarpments are 
gradually receding and so being diminished in height. 

In the Fenland we have an illustration of another kind of 
denuding cause, the mode of operation of which is totally dif- 
ferent to those we have been noticing. Between the outcrops of 
the two great masses of hard rocks constituted by the Chalk and 
Lower Oolites, there is in the Midland districts a wide extent of 
country occupied by the soft strata of the Oxford and Kimmeridge 
clays, which together attain to a thickness of probably not less 
than from 1,000 to 1,500 feet. The confluence of a number of very 
considerable rivers, namely, the Witham, Welland, Nene and 
Great Ouse, which, with their tributaries, drain a very lar^e 
extent of country, has effected a breach in the great mass of chalk 
strata and thus the sea has been able to find admission to, and to 
operate on, the soft clays of the Middle and Upper Oolites. 
While tlie hard chalk rocks have been out back over a breadth 
of only twenty miles, at the mouth of the Wash, the sea has 
extended its boundaries through the soft clays over the enormous 
area known as the Fens or Bedford level. As the erosive actioa 
of the ocean is most powerfully displayed at its surface — where it is 
the constant subject of tides and, at irregular intervals, converted 
into a most powerful engine of denudation by storms — ^marine 
action always tends to produce an extended flat plain. This is 
the case in the Fenland, where only a few patches, which^ on 
account of the presence of beds of exceptional hardness or from 
some other accident, rise above the general level and once formed 
islands or shoals in the Fen Gulf. These and the rest of the 
old sea margins around the Fenland are frequently fringed vnth 
gravels, often full of marine shells, and which are evidendy old 
beaches. The slight .changes of level which have certainly taken 
place in the district, as is evidenced by the raised beaches at many 
points, on the one hand, and the submerged forests of the Norfolk 
and Lincolnshire coasts, on the other, can have exercised only a 
minor and altogether subordinate influence in the production oF 
the features of the Fenland. 

In the area included within Sheet 64, it is evident that tlie 
present valleys which intersect the great plateau have been mostly^ 
if not wholly, formed since the Glacial epoch. This is shown by 
the manner in which the beds of Boulder Clay cap the opposite 
sides of the valleys, across which they were certainly once con- 
tinuous. I know of no grounds for believing that any of the 
present valleys, which traverse the plateau, existed during pre- 
glacial times, were filled with Boulder Clay in the glacial period^ 
and re-excavated since that era. On the contrary, the manner 
in which the boulder clays are confined to the highest grounds 
tends to quite the opposite conclusion. 
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To the west of the great escarpments, however, quite an opposite 
series of relations^prevails. There the glacial clays and gravels are 
found at every possible elevation^ and it is clear that in some 
cases the present valleys coincide with those of the pre-glacial 
period. 

The present surface of denudation, though the one which can 
be mo^tt easily studied, is not the only one made &miliar to us by 
the observations of the geologist. We have already shown that 
the valleys in which pre-glacial rivers flowed can be traced by the 
gravel deposits which occupied them, and by this means the physical 
geography of the period can to a certain extent be re-constructed. 
Of that old surface of denudation which marks the newer portion 
of the Inferior Oolite period, and which lies between the Lincoln- 
shire Oolite and the tipper Estuarine Series, we are able also to 
obtain fragmentary, but very interesting, information as already 
noticed. 

Scenery. — Although no part of the area described in the present 
Memoir is remarkable for presenting features of great wildness 
or grandeur on the one hand, or scenes of striking beauty on the 
other, yet the charms of a diversified, well cultivated, and richly 
wooded country belong to it in an eminent degree. The variations 
of elevation are sufficient to redeem the landscapes from lame- 
ness ; the constant alternations of field, pasture, and copse, afford 
pleasing variety to them ; and the signs of comfort and productive- 
ness, everywhere apparent, cannot fail to give pleasure to the 
beholder. The abundance of trees, often evidently of great an- 
tiquity, as in the case of the oaks of Morehay Lawn (which are 
said to date from the reign of King John), gives many parts of the 
district a remarkably park-like aspect ; and perhaps no district of 
equal area could be pointed out, which exhibits so large a number 
of stately mansions standing in the midst of spacious demesnes ; 
such are Burleigh, Milton, Exton, Burley, Dene, Apetborpe, Sta- 
pleford, Lilford, Farming Woods, Normanton, and others which 
might be mentioned. Even the almost dead level of the Fenland 
is not without peculiar charms of its own, as has been so admirably 
pointed out by Charles Bangsley. 

To the eye of the geologist the dependence of the characteristics 
of the scenery on the nature of the rocks of which the country is 
composed is everywhere apparent. These rocks, by their position, 
inclinations, and varying powers of resisting denuding agencies, 
have determined the situation and nature of the hills and valleys ; 
by their peculiar modes of weathering they have given rise to the 
varying contours of those features ; and, by the soils which they 
yield, have decided the character of the vegetation by which they 
are adorned. Further — by the manner in which the outcrops of 
the various rocks have given rise to the water system of the 
country, and the sites of its springs and streams, and the way in 
which they have influenced the nature of the soils and thus also 
the tillage and other occupations of the inhabitants — the character 
of the population has been determined, its distribution regulated, 
and the position of its centres fixed. 
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As noticed by William Smith the Oolite and Lias districts of 
Rutland and South Lincolnshire present much bolder features than 
those of the South Midland area of Oxfordshire and Northampton ; 
and in this respect sometimes even remind us of the Cottes- 
wold Hills. This, as has been already noticed, is due to the great 
increase of thickness which takes place as we go northwards in 
the Upper Lias Clay, and the importance which is assumed by 
the Marlstone Rock-bed. There is one great distinction which 
must, however, be drawn between the Cotteswold Hills and the 
North Midland area. In the former there is a single great 
escarpment formed by all the strata between the Inferior Oolite 
and the Lower Lias, and this is sometimes more than 1,000 feet 
in height, the Marlstone forming only a ledge of greater or less 
breadth aJong its face. In the latter, on the contrary, the same 
strata form two distinct escarpments, those of the Inferior Oolite 
and the Marlstone Rock-bed, usually some miles distant from each 
other and attaining to nearly the same elevation, which rarely 
exceeds 700 feet Some of the most characteristic features of the 
district are illustrated in the series of plates which accompany 
this Memoir, prepared from sketches by Mr. Frank Rutley, F.G.S., 
of the Geological Survey of England and Wales. 

The sinuous and branching valleys which diversify the faces 
of these escarpments often present, in the cliff-like masses of hard 
rock, rising above the green slopes formed of clay with its covering 
of talus, features of considerable natural beauty. Among such, we 
may mention, on the outer or Marlstone escarpment, the valleys 
below Somerby (see woodcut, Fig. 5, p. 53), Pickwell, Burrow- 
on-the-Hill, and Tilton-on-ihe-Hill ; on the inner or Inferior 
Oolite escarpment, those about Rockingham Park, Harringworth, 
Burley-on-the-Hill, and Market Overton ; and between the two 
escarpments, Deepdale, Bushy Dale, and the numerous deep and 
secluded valleys which intersect the outliers on which Uppingham 
stands, those near it, and that between Dingley and Brampton. 

The outliers of Upper Lias capped by beds of the Inferior 
Oolite form bold hills, usually of a more or less tabular form, like 
those of Whadborough, Robin-a-Tiptoes, Barrow Hill, the high 
grounds about Uppingham, and the Neville-Holt, Slawston, and 
the Dingley and Brampton outliers. 

The great plateau, where it is covered with Boulder Clay, 
usually shows little diversity in elevation; it slopes gradually 
towards the S.W. and is in places broken up by long, narrow, 
winding valleys. This great table land was the site of the great 
forest of Rockingham, which^ though long disafforested and broken 
up, still presents in places areas only lately enclosed, and others 
yet covered with extensive woods. 

Where the surface of the plateau is not masked by drift, the 
several hard limestone beds of the Great Oolite, with their inter- 
mediate series of clays, give rise to numerous tabular outliers, 
precisely similar to those formed upon the great Cotteswold plateau 
by the patches of Great Oolite wnich rest on the Fuller's earth. 
The step-like contours presented by the denuded edges of the 
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hard strata alternating with series of clays, produce features 
strikingly characteristic of the oolitic rocks in this country^ and by 
means of which they are almost always easily recognizable even at 
a distance. Beautiiiil illustrations of these features are exhibited 
in the numerous spurs and outliers formed of the various beds of 
the Great Oolite series which occupy the country to the north of 
the Welland. 

Similar step-like contours, often of very striking characters, are 
produced along the sides of the Nene and the Welland where 
they traverse the Great Oolite strata. In these valleys^ the 
windings of the main stream and the falling into it of numerous 
tributaries, give rise to numerous spurs and occasional outliers, 
along the sides of which the out-crop of the several harder rocks is 
often very clearly marked by the outlines which the masses present. 

The bottoms of such valleys are covered bv the flat plains 
composed of gravel and alluvium, among which tne river winds its 
devious way, through meadows, which, overwhelmed by constant 
floods during the winter season, present in the summer plains of 
unrivalled verdure constituting the richest of pasturages. 

The Oxford Clay tract to the east of the Nene is almost every- 
where thickly covered with drift, and forms a low undulating 
country, sometimes well wooded, which slopes gradually towards 
the Fens. 

The Fenland itself does not present such monotonous features 
as is sometimes supposed. Rising above its generally level surface 
are a number of tracts composed of the older rocks covered by 
gravels which were once islands ; and these, which constitute the 
sites of the various towns, villages, and farmhouses, though of but 
slight elevation, form conspicuous and often striking objects in a 
peculiar landscape. The extraordinary and unrivalled fertility of 
some portions of these tracts too, is sufficient to invest them with 
considerable interest for the traveller during at least some seasons 
of the year. To those familiar with the scenery of Holland, the 
resemblances presented by the English Fenland are very striking; 
and before the introduction of steam engines had swept away tne 
numerous windmills, that were formerly situated at short intervals 
along the banks of the numerous dykes by which the country 
is everywhere intersected, the similarity was even still more 
marked. 

Springs. — The frequent alternations, within the district under 
description, of pervious beds of limestone and sand with impervious 
clays, gives rise to numerous springs — ^indeed these are among 
the three things for which, according to an old adage, the county 
of Northampton is remarkable. The constant outflow of these 
along the base of the harder beds, by causing a broken condition 
of the surface and imparting a freshness to the verdure, sometimes 
makes the division of the formations very distinct, and enables 
the eye to trace them even at a considerable distance. 

It is interesting to notice the manner in which the presence of 
springs has determined the sites of the towns, villages, and even 
isolated habitations of the district Thus, along the slopes of the 
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two great escarpments we find two series of villages, which obtain 
their water supplies from the springs arising at the janction of 
the Inferior Oolite and Upper Lias, and of the Marlstone Rock-bed 
and Middle Lias Clays, respectively. The presence of such springs 
would in the first place influence the choice of camping grounds for 
a nomadic people; and the same localities would for similar reasons 
be selected, when population first became fixed, as the sites of the 
rising settlements. Along the sides of the great river valleys of 
the district, numerous villages have been built, which depend for 
be their water supj)ly on the springs arising at the out-crops of 
the various oolitic beds ; while other villages hate arisen on the 
sides of the various outliers and inliers, which afford the same 
advantageous conditions. But over the great intermediate tracts 
not a single village occurs, and until modern times scarcely a 
single habitation could be found upon them. In the Fenland, in 
the eastern part of the area, and the drift-covered Lower Lias clay 
lands of the western part, the position of the few villages and 
houses, has been in almost every instance determined by the 
presence of beds of gravel yielding springs. 

The question of the water supply of the area has, in modern 
times, assumed great importance, and an entirely new aspect. 
Although springs are so abundant in the district, yet as population 
has increased it has been found necessary, either for the purpose 
of supplementing the supply of water or for obtaining it in the 
most convenient situations, to open numerous wells. These have 
been for the most part of no great depth, passing merely through 
the first pervious bed into an impervious one, and thence obtaining, 
in almost every instance, an abundant supply. But the fiicility 
with which the refuse matter of a considerable population can be 
got rid of, where there is a substratum of porous material, has led to 
openings in these same rocks of innumerable cesspools and drains. 
Hence the water supply of the population is often poisoned 
at its source ; wells and cesspools existing in the same rock and 
at no great distance from one another. Now it has been shown 
that waters from such a tainted source, though bright and clear 
to the eye and not unpleasant to the taste, may, nevertheless, be 
the means of propagating the worst forms of epidemic disease. 
Fortunately, in the district under notice, there generally exists a 
remedy, and it is in most cases easy of application ; it is in fact 
only necessary to carry down the wells to the next impervious 
stratum, and to protect them from infiltration in their upper partsL 
Thus m the case of a village standing upon the Cornbrasfa, in 
which the water-bearing bed has been hopelessly deteriorated by 
the drainage, it will only be necessary to carry down the new wells 
through the Great Oolite Clays into the Great Oolite Limestone. 
The district being an almost purely agricultural one, the civil 
engineer is not called upon to make provision for large and closely 
packed populations, like those which demand such great works 
for procuring and storage of water supplies in manufacturing 
districts. In very few cases are the towns of sufficient size pro- 
bably to need deep artesian wells, such as might be sunk into 
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the Lincolmhire Oolite Limestone or the Marlstone Rock-bed. At 
Bourne, each wells have been sunk to the former stratum and 
most abundant supplies of excellent water obtained. In making 
similar attempts in other localities, it will be necessary always to 
bear in mind that the two rocks thin away towards the south and 
east, and that in the case of the former this attenuation takes place 
very rapidly. It will be necessary therefore in every instance to 
inquire as to the probabilities of the rock, which is to be bored 
for, being actually present under the locality at which the trial is 
made. 

Swallaw'holes. — These may be regarded as the complements of 
springs, and their abundance in the district is due to the prevalence 
of the same set of conditions which produce the latter, namely — 
the repeated alternation of rocks of pervious with those of im- 
pervious character. When water passing through a pervious bed 
reaches a bed of clay or other non-absorbent rock, it flows out at 
the surface in the form of a spring. When on the other hand 
water flowing over an impervious rock, reaches a pervious stratum, 
it is rapidly absorbed, and by its passage downwards gives rise, 
either by mechanical or chemical action, to the production of an 
underground channel. The openings into such underground 
channels are called ''swallow-holes/' They are very abundant 
within the area embraced in Sheet 64 ; indeed the lines of 
junction of rocks like the Upper Estuarine Clays and the Lin- 
colnsldre Oolite are oflten marked by a series of these natural 
drains; in many cases a slight depression of the sur&ce level 
indicating their position. In some cases the volume of water 
carried off by means of a swallow-hole is very great, and the 
roar produced by it in descending, is heard at some distance. 
In the case of the smaller swallow-holes, they may often be 
detected by placing the ear near the surface of the ground. 
These swallow-holes are well known to fox hunters, for the long 
sinuous fissures worn by the constant passage of virater through 
the jointed limestone rocks constitute retreats for foxes, from 
whid^ it is almost impossible to effect their dislodgement. Doubt- 
less also the caverns so frequently revealed in the midst of limestone 
rocks during quarrying operations, owe their formation to the 
same acency. 

In effecting draining operations, these natural means of carrying 
off* the surface waters are often imitated, and artificial swallow- 
holes constructed. Thus when a tract of Boulder Clay overlapping 
limestone is drained^ it is only necessary to carry the pipes to the 
outcrop of a thick bed of limestone and to allow them to terminate 
in an excavation in the latter. Similarly, in draining a bed of 
clay overlying a stratum of limestone, an occasional pit sunk 
through the former into the latter will serve for the ready removal 
even of the largest volumes of surface water. Many examples of 
these modes of procedure may be seen in the district described in 
this Memoir. 

Subterranean Streams. — Frequently when a brook or river, 
flowing over an impervious bed, meets suddenly in its course 
the out-crop of a stratum of limestone, its volume is greatly 
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diminished by the escape of part of its waters underground; 
these waters are usually thrown out in fresh springs farther down 
the valley where the limestone is underlaid by an impervious 
rock. Occasionally the whole volume of the stream thus dis- 
appears, and for a portion of its course, sometimes several miles 
in length, it becomes subterranean. Not a few interesdng ex- 
amples of the disappearance of rivers, which thus leave their beds 
for a considerable distance quite dry, occur witliin Sheet 64. As 
especially noteworthy may be mentioned the River Witham, near 
Thistleton, the River Glen, between Little Bythani and Careby, 
and the brook which flows by the village of Benefield. 

Mineral Springs. — The springs of this class found within the 
area described in this Memoir are not now of great importance 
and do not demand an extended notice at the hands of the geologist. 
At an earlier period, and especially in roedisval times, it was other- 
wise, however, for the wonderful curative powers attributed to 
many springs, which are now quite disregarded, led to their being 
dedicated to certain saints, and even in some cases to the erection 
of hospitals or monasteries in their neighbourhood. The only 
mineral water within the district which has been, during recent 
years, resorted to by invalids under medical advice, is that of 
Braceborough. The traditions of the virtues of many of the once 
famous springs are still maintained among the peasantry, who 
even now make use of them for certain classes of disorders among 
themselves and their cattle. 

As might be expected in a district which is largely composed 
of limestone beds, so called Petrifying springs are common. The 
water of these contains such an excess of carbonic acid that they 
are able to dissolve a large quantity of carbonate of lime ; and 
this, through the escape o? the gas, when the water is exposed to 
the atmosphere, is readily deposited in a crust on any object over 
which the stream from the spring flows. Masses of travertin, or 
carbonate of lime deposited under such circumstances, are very 
common in many places ; good examples may be seen on the side 
of the Nene VaJley, at Alwalton Lynch near Peterborough. In 
some cases tufis of grass, fragments of wood, shells of snails, and 
other objects are found encrusted and enclosed in these masses ; 
while in others only the hollow casts of such bodies are found 
traversing the mass in all directions, the objects themselves having 
decayed and disappeared. At several localities within the district 
are found masses of travertine which enclose numerous encrusted 
specimens of plants, in a manner precisely similar to those de- 
scribed by Mr. Sharp, as being found near Old,''^ which is situated 
to the south of the district now being described. In some places, 
as at Halstead, the ^< petrifying springs " have been made use of 
like those of Derbyshire, &c^ for the purpose of obtaining those 
incrustations (erroneously called petrifactions) of objects like 
birds' nests, wigs, skeletons, branching twigs, &c. which were at 
one time so conspicuous in almost every collection of '^ curiosities." 



Qeological Magasine, toI. v., p. 563. 



MISCELLANEOUS. 269 

The passage of waters of this class through beds of gravel has 
sometimes effected a cementing of the pebbles into indurated 
masses^ which can sometimes be raised as large blocks of solid 
stone ; these blocks, resisting denudation better than the sur- 
rounding unconsolidated portions^ sometimes stand in fantastic 
shapes above the surface of the ground. Examples of this may be 
seen in the case of the pre-glacial gravels near Clipsham quarries, 
and in the valley gravels near Elton. 

Next in abundance to these springs of hard water^ or those 
containing an excess of carbonate of lime, must be noticed the 
Chalybeate waters. Some of these contain such a small proportion 
of iron salt as^ot to interfere with their use for drinking and 
ordinary domestic pui^oses ; and such springs only betray their 
character by the brown crust deposited on the vegetation around, 
or by the irridescent scum that floats on the pools in which their 
waters collect. Other springs of the class contain a much larger 
per-centage of iron in solution, as is manifested by their nauseous, 
inky taste; and some of these have obtained considerable fame for 
their curative virtues. 

Many of the springs which arise in the ironstone beds of the 
Northampton Sand, the ferruginous band of the Upper Estuarine 
Series, or the nodular ironstone bands of the Great Oolite Clay 
contain a small amount of carbonate of iron in solution. Some of 
these had sufficiently pronounced chalybeate characters as to enjoy 
some< fame in former times. Such appear to have been the now 
altogether neglected, if not quite forgotten, Burleigh Park Spa, 
WitteriM Spa, and Tolthorpe Spa, described by Dr. Short in 
1734. Waters of this class traversing beds of gravel, sometimes 
bind the pebbles together with a ferruginous cement into a rock 
of great hardness ; the water which traverses peat bogs, as is well 
known, readily takes up iron in solution, and frequently the fen* 
gravels are found, in certain of their beds, cemented into a rock 
of such extreme hardness that, in order to carry drains through 
them, blasting has to be resorted to ; a good example of this kind 
of Indurated gravel may be seen at Greatford. Occasionally the 
chalybeate springs traversing certain of the oolite rocks indurate 
and stain them ; such is seen to be the case with the oyster-beds 
of the Great Oolite between Benefield and Glapthorn, and to the 
west of Oundie. 

Other mineral springs in the district, like those of Kings- Cliffe, 
Stamford, Neville-Holt, Burton Lazars, Little Dalby, Brentingby, 
and others, are probably deep seated and owe their existence to 
the presence of faults in the strata. The proximity of several of 
these mineral springs to proved lines of dislocation has been already 
pointed out Some of these waters are still used by the people 
dwelling in the neighbourhood, especially for outward application, 
in cases of cutaneous disorder and diseases of the eyes ; but in 
former times the fame of several of them was very widely spread, 
and they were resorted to by patients from all parts of the 
country. The three most noteworthy of these were the mineral 
waters of Burton Lazars, NeviUe-Holt, and Braceborough, 
32 IDS. a 
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Barton Lazars derives its distinctive appellation from the 
Lazar house, or hospital for lepers, which once existed here. This 
institution, which was very nchly endowed, was devoted to the 
relief of a class of disease which was extremely common in this 
country in mediaeval times, but which has now, thanks to the 
existence of better sanitary arrangements, the greater abundance 
and excellence of food, and the spread of habits of deanlinees 
among the population, entirely disappeared. In the year 1135 
Roger de Mowbray, aided by a general collection throughout 
England, laid the foundation of an establishment for a master 
and eight sound brethren of the Order of Saint Aogustin, as 
well as several poor leprous brethren, to whom he gave two 
carucates of land, at Burton, a house, mill, &a ^ The hospital 
was dedicated to the Blessed Virgin and St Lazarus, and all 
the inferior houses in England, were in some measure subject 
to its master, as was also the master of the Lazars at Jeru- 
salem hospital, belonging to the Enigbts of St John of Jeru- 
salem." At its dissolution in 1595 the Burton Lazar hospital 
had a clear annual revenue of 265/. 10s. 2<£, its possessions were 
granted to the Earl of Warwick and the Duke of Northumberland. 
The spring at Burton Lazars, beside which this important establish- 
ment sprang up, is said to have contained chloride of sodium and 
a large quantity of sulphuretted hydrogen among its ingredients, 
and it was resorted to, long after the dissolution of the monastic 
establishment, by great numbers of persons afflicted with scorbutic 
disorders ; these are said to have obtained great benefit from the 
use of the waters. As late as the year 1760 a bathing room was 
built at the spring, but in recent years this has been pulled down; 
subsequent excavations carried on near the spot have caused this 
once most famous well to disappear altogether, so that even its 
very site will soon be known only by tradition. 

The Neville-Holt Spa was discovered in 1728, and its compo- 
sition and medical properties were investigated by Dr. Short 
(see the list of works at the end of this Memoir, Appen£x IL). It 
appears to have been chalybeate and for a long time its waters 
were in great request, but they are now almost entirely neglected. 
The baths erected over this spring still remain. 

At Blatherwycke a spring containing sulphuretted hydrogen was 
discovered through the sinking of a well (see p. 102). Its waters 
are said to have been analysed, but I have not been able to obtain 
any record of its composition. 

The chalybeate water at Kings*Cliffe Spa at one time acquired 
some &me; but, as in so many other cases, it has either fallen 
wholly into disuse or is resorted to only by the peasantry living 
in the neighbourhood. 

The Braceborough Spa does not appear to contain an excessive 
amount of any particular mineral ingredient, but is remarkable 
for the quantity of gas (carbonic acid) which rises through it A 
bath has been erected over it, and the spring was at one time 
much resorted to by invalids. 
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Mineral Besources of the District — These we have noticed in 
considerable detail in connexion with each of the formations^ and 
here it is only necessary to remark that, although^ with the ex- 
ception of the iron-ore of the Northampton Sand, the district 
cannot be regarded as rich in minerals of ^reat economic value, 
nevertheless to a very large extent, not only the comfort of the 
population^ but the nature of the architecture adopted by them 
both in their homes and their religious edifices, is due to the ex- 
cellence of the building materials with which they are so liberally 
furnished. 

Soils. — The principal characteristics of these and their depen- 
dence upon the rocks on which they lie have also been noticed in 
the foregoing pages* Although almost every portion of the area 
described is now under cultivation, yet such was not always the 
case. The tracts covered by the richest soils were evidently 
those whicb were first cleared and occupied ; and the wants of a 
continually increasing population, combined with the adoption of 
more settled habits, have occasioned the successive absorption 
of more and more unpromising areas, till at last waste lands have 
almost wholly disappeared within the limits of the district. 

CiEwicftm(wi.—- No one can have followed the descriptions of the 
present memoir without reflecting to how large an extent the 
present characteristics and the past history of the district are 
dependent on its physical structure. A mere glance at the map, 
as geologically coloured, will show how the selection of the original 
sites for those settlements, which have since become villages and 
towns, must • have been, in the first instance, determined by the 
outcrop of the various water-bearing beds. The features of its 
surface, the nature of its soils, and the character and abundance 
of the mineral productions of the district, have evidently been the 
conditions on which the number and distribution of the population 
have mainly depended, and the causes to which their industries, 
their sports, and even their peculiarities, have largely owed their 
origin. 

And the production of the physical features which distinguish 
the district have been due, as we have seen, to the combined opera- 
tion of two distinct sets of geological causes. Firstly, the succession 
of events by which series of rocks of very various characters were 
deposited within the area ; and, secondly, the action upon these 
of subterranean forces producing upheaval, flexure, and fracture, 
and acting side by side and in combination with those of subaerial 
and marine waste ; these deep-seated and surface operations work- 
ing concurrently have gradually moulded and sculptured the 
surface of the land into the forms which it at present wears. 
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APPENDIX L 



Tables of the Stbatigsaphical and Geografhigal Distribution 
OF Fossils, by B. Etuebidgb, F.B.S. 

The accompanying tables of fossils have been drawn up eipressly to 
elucidate the distribution of the Oolitic species through the Lower 
Oolites of the counties of Rutland and Northampton, and also to show 
their geographical distribution. 

Table 1 is devoted to a comparison of the fossils of the Inferior 
Oolite of the area above noticed with those of the Bsme formation in the 
south-west of England and Yorkshire respectively. This comparison- 
and correlation is made with the view of ascertaining the relation that 
exists between the two distantly separated Faunas of the same age, or 
belonging to the same horizon in time, the physical aspects of which, 
however, greatly differing, there being nothing in common litho- 
logically between the Oolitic series of Yorkshire, and those of the 
Midland district and south-west of England. Yet the species ranging 
through the series are identical, and hold the same stratigraphical posi- 
tion, and are of equal value in determining the sequence of the beds 
constituting the Oolitic series through the whole of England. 

In the column headed '' Great Oolite of West of England," are enu- 
merated those species that occur in or are common to both the Great 
Oolite of the South, and the Inferior Oolite of one or other of the five 
horizons named, viz., the Lincolnshire Limestone, the Collyweston Slates 
and Northampton Sand of the Midland district ; also the Inferior Oolite 
of the south of England and Yorkshire. 

The letters B. C. r. c, denote the rarity or abundance of the species, 
the capital B. expressing extreme rai*ity, and the capital C. extreme 
abundance ; the smaller letters their ordinary condition or occurrence. 
This must be regarded as only approximative, being really a question of 
exhaustive research. 

As &r as able, I have tabulated every species occurring within the 
area described and mapped by Mr. Judd, and embraced in Sheet 64, &c 

Samuel Sharp, Esq., F.G.S., of Dallington Hall, Northampton, who 
possesses the finest Collection of Northamptonshire fossils known, sub- 
mitted the whole series to our examination, and from his materials, with 
those collected 'by the Geological Survey, have been constructed the 
tables numbered 1 and 2, the latter being strictly geographical. Mr. 
Sharp's two able papers on the Oolites of Northamptonshire* contain 
every species known to him, arranged both geographically through the 
text of the paper, and zoologically tabulated also. 



♦ On the Oolitcfi of Northamptonshire, by S. Sharp, Esq., F.G.S., Qirarl. Jomrn. 
Geol. Soc., vol. xxvi. p. 354, and vol. xxix., p. 225. 
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Table No. 2 illustrates the distribution of the species known in the 
Great Oolite and Cornbrash of Northamptonshire and Lincolnshire. 
The Great Oolite of Rutland and the Cornbrash of Stilton (Hunts) 
arranged in their geological horizons and according to localities. 

These two. tables thus illustrate the distribution of the fauna of the 
Lower Oolites of Northamptonshire and Rutlandshire ; Table No. 1 
being devoted to range- and correlation, and in which are tabulated 
394 species, whereas Table No. 2 contains 354 known occurrences, 
through their distribution. 

Mr. Judd^ in this able memou*, has so completely written the history 
of the area liiat no notes of special stratigraphical value can be added 
to this Appendix, and due attention to the table illustrating the varia- 
tions of the Lower Oolites of the Midland district at page 6 in the 
memoir will enable the reader to understand, by comparison with the 
typical column headed " Geological Horizons," the sequence, distribution, 
and arrangement of the Rutlandshire and Northamptonshire deposits 
and fossils. 

The recent investigations into the true correlation of the Northern 
and Southern Oolitic groups, and especially those members of the lower 
set'ies with the Lincolnshire Oolites and Northampton Sands of the 
Midland area, has resulted in clearly defining the true stratigraphical 
place of both horizons. Based upon superposition and on fossil data, 
both Mr. Shai*p, of Northampton, and Mr/Beesley, of Banbury, through 
independent observations and well directed work over their respective 
districts, arrived at the same conclusions ; and the careful and patient 
labour of Mr. Judd, as mapped in the field and now detailed in the 
present memoir, conclusively show, both on stratigraphical and palaeon- 
tological grounds, the real relation of the Northampton Sands to the 
underlying Upper Lias Clays and the great Limestone of Lincolnshii-e 
above.* 



* Professor Morris in 1S69 reconsidered his previous riews upon the Lincohishire 
Limestone, and assigned it to the age of the Inferior Oolite. 
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Table 1.— Comparison of the Fossils of the Inferior Oolite of the 
Midland District with those of the same formation in the South of 
England and Yorkshire respectively. 



Claos. 



Plants 



Coelenterata 



Species. 



Annitloida 
Echinoder- 
mata. 



Aroides Statterdi - - Can*. 
Palseozamia pectinata - Brong. - 
Pecopteris polypodioides Lmd. &Hatt. 
Polypodites Lindleji - Gopp. - 
Zamites --.... 
Carpolithes ..... 
Coniferoas wood - - - . 
Anabacia orbolites - - Lamaronz 
Eunomia radiata - - E. & H. - 
Cladophyllia Babeana - D'Orb. - 
Isastraea ezplanulata - M'Coy - 
99 limitata - . Lamaronx 
„ Richardsoni - Ed. & H. 
Latomeandra DaTidfloni - Ed. 8c H. 
„ Flemingii . - Ed. & H. 

Microsolena excelsa ? Ed. & H. 

MonHiyaltia De la Bechei Ed. & H. 
» lenB - - Ed. & H. 

t, tenuilamellofia Ed. & H. 



trochoides 
„ Wrightii 

SlyUna Mlida - 
Thecosmilia gregaria 
f, Wrightii 

ThamnastrflBa Lyellii 
)i concinna 



Ed. &H. 

- Ed. & H. 

- M»Coy - 

- M'Coy . 

- Ed. & H. 

- Ed. & H. 

- Goldf. . 

- Mich. . 

- Ed. & H. 



Defrancii 
„ Terquimi 

Acroflalenia hemicida-1 txt . i.^ 
roidcB - - ./ ^"Kht - 
„ Lycettli - - Wright - 

Astropecten Colleswoldifld 1 «t . ,. 
var, StamfordensiBj ^^B^^ ' 



Cidaris Bondbardii 

„ Fowleri 

„ Wrightii - 
Clypeufl Plottii 

„ Hughii 

t, Michelini - 
Echinobrissus cluniculariB 
Pedina rotata - - . 
GaleropygUB (Hybocly- "I 
puB) agaricifonnis - j 
HolectyptiB hemiBphsdricus Desor. ^ 
HyboclypuB oratis - . Wright - 
Pygaster semiBulcatuB - Phil. 
Pseudodiadema depressa . Ag. 
Stomechinas genninaiiB - Phil. 
Pentacrinas Milleri - . Aust. - 
„ BubsalcatUB - QoW, - 
Btellaster Sharpei - -Wright,MS. 



Wright 
Wright - 
' Desor. - 
• Klein. - 
Ag. . 
Wright - 
LIhwyd - 
Ag. 

ForbeB - 



Inferior OoUte 

of Midland 

District. 



R 



Comi 



mpared 
with 



it 

i| 



11 



SI 
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Table 1. — Comparison of the Fossils, Ac. — conL 



Gkm. 



SpedeB. 



Inferior Oolite 

of Midland 

District. 



Com] 



mpared 
with 



It 
I* 



5 

it 



ii 

1% 



^nn^li^A. 



Serpula convoluta - - Goldf. - 

„ intestiiudis - - Phil. 

„ plicatills - - Goldf. - 

„ Bocialis - - Ck>ldf. - 

„ Bolcata - - Sow. 

Vennicolaria compretHUi - Y. & B. - 

„ nodiiB- - Phil. 

Annelide tubes - - 



Aiticalata: 
Crustacea - 

mollvscoida 
mollusca 

B&ACHIO- 
PODA 



Remains of - - 
Pseudophyllia sp. 
Spiropora stramintea 
lingida Beanii ? 
Bhynchonella angulata 
^ CroiBsii 



Dav. 



,, concinna 

Terebratnla Buckmani 
,, fimbria - 





f» 


globata - 




n 


mpressa 




79 


iTfif^xillftta 




ft 


OYoides - 




f> 


Phillips! 




99 


simplex - 




9$ 


sphteroidalis 




tt 


sub-maxiUata 


iAXELU- 


Avicula Braamburiensis 


BBANdmATA 


99 


clathrata - 


(MONOMTA. 


99 


complicata - 
digitata 
e(£inata? - 


RIA). 


>» 
tf 


, 


»» 


ina>qaiyalvi.s 




» 


Munsteri - 




M 


Bubcostata - 




Lima bellula - 




» 


eardiifonnis - 




ff 


daplicata 




99 


Dastonensis, n. sp. 




» 


deltoidea, n. sp. 




M 


electra - 




» 


gibbosa 



Phil. 
Lye. 
Sow. 
Dav. - 
cynocephala Bich. 
plicatella - Sow. 
quadripUcata Ziet. 
Lycettii - Day. 
spinosa - Schloth. 
snb-decorata Dav. 
8ub-tetra-1 
hedra - j 
tetndiedra - ? Sow. - 
varians - Schloth.- 
variabilis - Schloth. - 
vctr, bidens Phil. - 
var, triplicata Desh. 

- Sow. 

- Dav. 

- Sow. - 

- Sow. 

- V. Buch 

- Sow. - 

- Sow. - 

- Mor.&Dav, 

- Buckm. - 

- Sow. 
Mor. 

. Phil. - 

- Lycett - 
• Buckm. - 

- Deslong - 

- Sow. 

- Sow. 

- Goldf. - 

- Rdm. - 

- L. & M. • 

- L. & M. - 

- Sow. - 



. D'Orb. - 
Sow. - 



+ 

+ 
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Table 1.— Comparison of the Fossils, &c.— eon^. 



OlaBa. 



Species. 



Lamellibran- 
chiata (Mo- 
nomyaria). 
— cont. 



Lima Etheridgii 
„ improssa 
„ intcrstincta 
„ ovalis - 
„ LucienBis 
„ pectiniformiB 
„ FoDtonis 
,, punctata 
rigida - 



Wright, MS. 

- L.&M.- 

- Phil. - 

- Sow. 

- D'Orb. . 

- Schloth.- 

- Lycett - 

- Sow. 

- Sow. 



BodburgensiB, n. sp. 



rudis 
„ semicircularis 
„ Sharpiana, n. sp. 

Ostrea acuminata - 
„ costata 
„ criBtagalli - 
,, flabeHoideB 
„ gregaria - 
„ Bulcifcra - 

Pcctcn arenatuB - 
,, articolatuB - 
„ aratuB 
„ clathratufi - 
,, demiBBUB 



-.Sow4 

- Goldf. - 

- Sow. 

- Sow. 

- Quenst. - 

- Lam. 

- Sow. 

- Phil. - 

- Sow. - 

- Schloth.. 

- Waagen. 

- R5m. - 

- Phil. . 



and var, gingeoBis QueuBt. 



„ lens 
„ parodoxns- 
„ pcrsonatuB 
„ tcxturatus - 
„ yagans var. 
grinuB - 
Perna quadrata - 

„ rugoBa 
Pinna ampla 
„ cancellata 
„ cuneata 
„ Hartmani - 
Placonopsis ornatuB 
„ Bocialis 

„ JurensiB 

Pteroperna costatula 
„ gibbosa 
phma 
pygmaea 
Gervillia acuta - 
lata 

ornata? - 
pemoidcB 
prelonga ? 
(Gftstiochiena) 
tortuoBa 
„ Hartmannii 
Gryphsa Bubloba - 
Hinnites abjectus - 



Sow, 

- Munst - 
• Miinst - 

- MiinBt - 

p«^^:}sow. . 

- Sow. - 

- Goldf. - 

- Sow. - 

- Bean 

- Phil. ^ 

- Ziet. 

- L. &M.- 

- L. &M.- 

- Bom. 

- DeBl. - 

- Lycett - 

- Lycett - 

- Dunkcr - 

- Sow. - 

- Phil. - 

- Lycett - 

- DeBlong. 

- Lycett - 

jPhil. - 

- Goldf. - 

- Desh. - 

- Phil. - 



Inferior Oolite 

of Midland 

District. 




Compared 
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Table 1. — Comparison of the Foesas, Ac com. 










Inferior Oolite 

of Midland 

District. 


Confpared 
^h 






1 




^-i 


^ 


^ 


Claaa. 


Species. 


^A 


i 


1^ 






11 


IjamellibrBn- 


Hinnites tegalatas - L. & M. - 


r- 


r 




+ 




chiata (Mo- 


„ velatus - - Goldf. - 


c 


c 


c 


+ 




+ 


nomyaria). 


Inoeeramus Fittoni ? . L. & M. - 


, 


, 


? 


, 




+ 


— coa/. 


yf obliqnuB - L.&M. - 


B 




r 


, 




+ 




Plicatula tuberoolosa - L. & M. - 


c 




r 


, 




+ 




TrichitiB nodofiufl - - Lycett * 


R 






+ 




+ 


Dimyaria - 


Area exnala var, transyersa L. & M. - 
„ cancellata - - Sow. 
„ mmuta - - Bow. 


r 
c 




r 

• 
. r 


+ 




+ 
+ 




„ Prattii var. rugosa - L. & M. - 


c 




r 


+ 




+ 




„ pulehra - - Sow. 


r 




r 


+ 




+ 




Astarte depreasa - - Goldf. - 


r 




r 


+ 




+ 




„ elegans - - Sow. 


C 


c 


C 


+ 


+ 






„ excarata - - Sow. 


c 


c 


c 


+ 


+ 


+ 




), f, var. com* 
















preBsinscula - L. & M. - 


r 


r 


, 


+ 








„ minima - - Phil. 


c 




r 


+ 


+ 


+ 




„ Fontonis - - Mor. 


c 






+ 








„ recondita - - Phil. 


r 






+ 


+ 






„ rhomboidaliB - L. & M. - 


c 




r 


+ 


+ 


+ 




Cardimn Backmani - L. & M. - 


C 




C 


+ 




+ 




„ cognatom - Phil. 


c 




c 


+ 


+ 


+ 




„ incertum - Phil. 


r 




, 


, 


+ 






„ Bemicoetatmn - L.&M. - 


, 




? 


, 




+ 




,, Stricklandi - L.&M. - 


, 


r 


. 


, 




+ 




„ Bubtrigonum - L. & M. - 


c 














Ceromya Bajociana - D'Orb. - 


C 


r 


c 


+ 


+ 






„ eoncentrica - Sow. 


c 


c 


c 


+ 


+ 


+ 




„ Bimilis - - Lycett - 


c 














CorbiB (Corbicilla) Batbo- 
















nica? . -L.&M.- 


, 


, 


r 


, 


, 


+ 




Cacallsa cancellata - Phil. - 


c 


r 


r 


+ 


+ 






„ cucnllata - Goldf. - 


c 


c 


c 


+ 




+ 




„ elongata - Sow. - 


r 




r 


+ 


+ 






Goldftiflsii - Ham. - 


c 




, 


• 




+ 




„ imperialis - Phil. 


, 




r 


• 


+ 






„ oblonga - Sow. 


c 




c 


+ 


+ 






„ ornata - * Backm. - 


, 




r 


+ 








Cypricardia acutangnU - D'Orb. - 


, 




r 


+ 


+ 






„ Bathonica - D'Orb. - 


c 




c 


+ 




+ 


.. 


„ nuculifoimis - B5m. 


?c 




? 


, 




+ 




Cyprina JurenBiB - - Goldf. - 


r 




, 


, 




+ 




„ Loweana - L.&M. - 







, 


, 


, 


+ 




„ dolabra - -,PhiL 


r 




r 


• 


+ 






„ nuciformis - Lycett - 


c 




• 


+ 








„ trapeziformis - Rdm. 


r 




r 


+ 


, 


+ 




Goniomya angulifera - Sow. 


, 




c 


+ 


+ 


+ 




„ literata - Sow. 


c 


c 


• 


, 


+ 






„ Y-Bcripta - Sow. 







• 


+ 


+ 






Gresslya abdncta - - Phil. - 


, 




r 


+ 


+ 






* „ latiroBtriB - Ag. 







r 


+ 








„ peregrina - Phil. 


, 




c 


, 


+ 


+ 




,, Toetrata - - Ag. 


, 




r 










Homomya crassiaficala - L.&M. - 


c 


c 


• 


+ 


+ 
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Table 1.— Comparison of the Fossils, Ac— co»#. 



C1A88. 



Species. 



Inferior Oolite 

ofMidJand 

District 






Compared 



a* 



u 

II 



IS 

O 



Dimyaria — 

COHt. 



Homomya (Myacites) uni- 
omfoimis 
„ Vezelayi 
Isocudia cordata 
LithodomuB inclusus 
MyopBis rotundata - 
Lucina Bellona 
,, despecta 
„ d'Orbigniana 
„ rotundata 
„ Wri^htii 
Macrodon Hirsonensis 
Modiola Binfieldi 

„ cuneata - i 
„ gibbosa 
„ ezplanata - 
„ Leckenbyi - 
,y Lonsdale! - 
„ solenoides - 
y Sowerbyana 
„ subrenlformis 
„ Bublsyis ? - 
Myacites eequatus - 
„ Beanii 
ty compressiusculus 
„ calceifoimis 
,f dilatatus - 
„ decortatufi - 
„ Scarburgensis • 
,, securiformis 
Myoconcha crassa - 
„ . striatola 
Mytilus forcatus 
,, imbricatus - 
„ lunularis 
Opis gibboBus - 
„ lunulatus - 
„ similis 
Pholadomya acuticoBta • 
,, ambigua 

„ Dewalquei 

„ fidicula 

,, Heraulti 

„ lyrata - 

„ oyalis - 

„ OYulum 

„ Zieteni 

Fholas oolitica 
Quenstedtia Isevigata 
„ oblita - 
Tancredia angulata - 
„ axiniformis 
„ donaciformis - 
„ plaaata - 



} 



L.&M.. 

D' Arch. - 
Buckm. - 
Phil. - 
Buckm. - 
D'Orb. - 
Phil. - 
D'Arch - 
JR6m. - 
Oppel. - 
D'Arch. - 
L. & M. - 
Sow. - 
Sow. - 
Mor. 

L.&M.- 
L. & M. - 
L. & M. - 
D'Orb. - 
L. & M. - 
Sow. 

Phil. - 
Leek. 
Lycett - 
Phil. - 
Phil. - 
Phil. 
Phil. - 
Phil. - 
Sow. - 
Miinst - 
Goldt - 
Sow. - 
Lycett - 
Lycett - 
Sow. - 
Desh. - 
Sow. - 
Sow. - 
Lycett - 
Sow. - 
Ag. . 
Sow. 
Sow. 

Ag. - 
Ag. . 
L. & M. - 
L.& M.- 
Phil. - 
Lycett - 
Phil. - 
Lycett - 
L.&M.. 



c + + 

r 

c 

r + + 

r + 

r 

r 

c + + 

r 

C+ + 

C + 

r 

c . + 

r 

r 

r + + 

r 

. + + 
+ 

r 

C+ + 

r + 

r . + 
r 
r 

c + 

+ 

r + 

C+ + 

r 

+ 
r + 

+ 

r 

+ 
c + 
r + + 

r 

r + 
r 
r 

C+ + 
c + 
r 

C + + 

r + 
r 



+ 
+ 



+- 
+ 



+ 
+ 
+ 



+ ' 



+ 
+ 
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Table 1. — Comparison of the Fossils, &c.^-coii/. 







af Midbu>d 


CotapHJ«d 




1 

1 


Diatrict. 




WIU 


VhMM, 






i 
li 




3 

k 




Dimfaria — 


Trigonia Beasleyi - - Lycett - 


. 




B 








cont. 


„ compta - - Lycett - 


r 


r 


r 










„ costata - - Park. - 


C 


c 


c 


+ 


+ 


+ 




„ denticulata - Lycett - 


R 




r 










„ fonnosa - - Lycett - 


r 




r 


+ 








„ Moretonis - - L. & M. - 


, 




, 


, 


• 


+ 




„ producta - - Lycett - 


. 




r 


+ 








„ hemispherica - Lycett - 


r 


r 












„ impressa - - Sow. 


. 


c 


r 










„ pttllus, var, of costata Sow. 


c 




. 


, 


+ 






PhiUipsii - - L. & M. - 


r 




r 










„ sculpta - - Lycett - 


r 














„ spinuloBa - - Y. & B. - 


r 












* 


signata - - Ag. 


. 




r 


+ 


+ 






„ snbglobosa - L. & M. - 


R 




r 


+ 


, 


+ 




„ striata - - Sow. 


c 




c 


+ 








„ tenoicosta - - Lycett - 


B 




? 










„ Y-costata • - Lycett - 


r 




c 


+ 


+ 






„ Sharpiana - - Lycett - 
Unicardium depressum - Phil. 


B 




B 










c 






+ 


+ 






„ impressum - L. & M. - 


c 


r 




, 


, 


+ 




„ paryuhim L. & M. - 


r 






, 


, 


+ 




„ gibbosum - L. & M. - 


, 






+ 


+ 




Gasteropoda 


ActSBon Sedgvici - - Phil. 

„ pullus - - - Koch. - 
Actaeonina glabra - - Phil. 


r 
r 






+ 


+ 






„ parvula - - R<Jm. - 


r 


. 






. 


+ 




Alaria armata - - L. & M. - 


r 








, 


+ 




„ hamus - - - Desh. 


r 








, 


+ 




„ hamulns - - Desh. 


R 


, 






, 


+ 




„ Phillipsii - - D'Orb. - 


r 


r 




+ 


+ 






„ sub-punctata - - Goldf. - 


r 














„ trifida - - - Phil. 


r 








, 


+ 




Ceritella acnta - - - L. & M. - 


r 








, 


+ 




Cerithiom Beanii - - L. & M. - 


r 






+ 


+ 






„ gemmatum - L. & M. - 
„ Umeforme - R5m. 


c 








+ 






c 










+ 




„ quadricincttun - Goldf. - 


c 






+ 


• 


+ 




„ (KilYirtia) stran- 
















gulatum - D'Arch. - 










, 


+ 




Chemnitzia Scarburgensis- L. & M. - 










+ 






„ vetusta ? - Phil. 










+ 






WethereUii? - L. & M. - 










, 


+ 




Cirrus nodosos - - Sow. 


, 






+ 








Cylindrites ♦ acutus - Sow. 










, 


+ 




„ cylindricus - L. & M. - 










, 


+ 




„ brevis ? - L. & M. - 










, 


+ 




bullatus? - L. &M. • 










, 


+ 




„ gradus - Lycett 








+ 








„ tabulatus ? - Lycett 








+ 








„ turriculatua? Lycett 




• 




• 


• 


+ 



* These are all very doubtful species, small and imperfect. 
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Table 1. — Comparison of the Fosnls, &c. — cont. 







Inferior Oolite 

of Midiand 

District, 


Compared 
with 










"S^ 


•s 


^ 


Glass. 


Species. 


ll 

3 


I 

^ 


if 

lo 


1 


So 


Gasteropoda 


Eospira cincta - - Phil. 


c 












-^OHt 


Ddphinula alta - . L. & M. - 
Prattii - L.&M. - 


R 

r 














Natica adducta - - Phil. 


c 




r 


+ 


+ 






















culata - - L. & M. - 


c 




p c 


+ 


, 


+ 




„ formosa - - L. & M. - 


C 




, 


, 


, 


+ 






C 




r ? 










„ Michelini - - D'Arch - 


r 




• 


, 


, 


+ 




„ neritoidea ? - - L. & M. - 


r 




c 


, 


, 


+ 




„ punctura - - Bean 
„ Vemeuelii - - Arch. 


c 




, 


a 


+ 






c 




c 


, 


, 


+ 




Monodonta laevigata - Sow. 


r 




+ 


+ 








„ LyeUii - - D»Arch - 


r 




• 


+ 


, 


+ 




Nerita ftostulata - - Desh. 


, 




r 


+ 








„ (Neritoma) hemi* 
















spheerica - - Rdm. 


• 




r 


. 


. 


+ 




Nerintea cingenda- - Brown - 


C 




r 


+ 


+ 






„ Cotteswoldis - Lycett - 


c 




. 


+ 








Eudesii - - L. & M. - 


c 




, 


, 


• 


+ 




,, gracilis - • Lycett - 
„ Jonesii - - Lycett - 


c 




. 


+ 








c 




. 


+ 








„ OppeU - - Lycett - 


r 




, 


+ 








„ pseudocylindrica I^Orb. - 


r 




. 


+ 








,, punctata ? - Voltz. 


? 














„ triplicata - - Brown - 


+ 




• 


+ 








Voltiii . - Deal. 







, , 


+ 


, 


+ 




StickUmdi? - L. & M. - 


r 




, 


+ 


, 


+ 




OnuBtns Bartonensis - Lycett 


? 




B 










Patella inomaU - - L. & M. - 


c 




r 


+ 








„ nana ... Sow. 


, 




r 










„ rugosa - - Sow. 


c 




; r 


+ 








Pleurotomaria aglaia - IVOrb. - 


, 




r 










,, armata - MUnst. - 


\ c 




r 


+ 








„ dathrata . L.&M. - 


, 




r 










„ omata - Defr. 


c 




r 


+ 










, 




r 










,, sulcata - Sow. 


]• 




• • 


+ 








Phasianella*acutiuscu]a L.&M. - 






• 




, 


+ 




„ cincta - Phil. 
















„ clegans - L. & M. - 






, , 


, 


? 


+ 




„ latiuficula - L. & M. - 
















„ parvnla - L. & M. - 
„ Pontonis - Lycett - 


c 














„ striata - Sow. 


Y 






+ 


+ 






„ tnmidula - L. & M. - 
















Pterocera BenUeyi - L. & M. - 




( 


1 










„ sp. - - - - 
















Pileolufl plicatoB - - Sow. 






• . • 


+ 








Bimula Blottii - . Deal. 






r 




1 




Bissoina obliqnata - - Sow. 








+ 




1 



^ Many of time are veiy doubtftd fonss»— small species. 
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Table 1. — Comparison of the Fossils, &c. — cant. 



Ckui. 



Species. 



Inferior Oolite 

of Midluid 

District. 



Comiiared 
with 



89 



•SH 



GasteropodA 
— cant. 



Cephalopoda 



Pisces 
Heptilia 



Trochotoma calyx - - Phil. 

„ extensa - L. & M. 

,f obtnsa - L. & M. 

M tabulata L. & M. 

Trochns bijagatiu ? - Qaenst. 

„ Dunkeri - - L. & M. 

„ Ibbetfiom - - L. & M. 

„ Leckenbyii L. & M. 

„ Monilitectus - Phil. 

„ omatiMimus, f D'Orb. 

var. Pontonis \ Mor. 

„ spiratns - - D*Arch 



„ sqaamiger 
Turbo depauperatuB 
„ gemmatuB 
„ . Phillipsii 
„ Bp. 
Ammonites bifrons 
„ Blagdeni 



L.&M. 
Lycett 
Lycett 
L.&M. 



- Brag. 

- Sow. 
garantianiiB - D'Orb. 
MurchiBoniflB - Sow. 
var, corrnga- 

toB - - Sow. 
niortensis - D'Orb. 
opalinas - Bein. 
BubradiatfiB - Sow. 
JarenBifl ? 



„ terebratuB 
„ insigmfl 

Belemnites Aalensis 
„ acutoB - 

„ bessinuB 
,, BlainTillii 



- Ziet. 

- Phil. 

- Schub. 

- Ziet. 

- Miller 

- D'Orb. 

- Voltz. 



canaliealataB • Schloth.- 
Miller - 
MiUer - 
Schloth.- 



„ ellipticos 

„ elongatuB 

„ giganteuB 

Nautilus Baberi 

„ obesus 

„ polygonalis 

„ sinuatus? - 

StrophoduB magnus • 

,, subreticuIatuB - 
Py6nodu8 - . . 

TeleosaoruB (scale of) 
Megalosaunis ? sp., tooth - 



. L.&M.. 

- Sow. 

- Sow. 

- Sow. 

- Ag. 
-Ag. . 
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Table 2. — Showing the GicoGRAPHiCAL Distribution of the Great Ooutl 
and CoRNBBASH Species, collected and occarring in the area of Sheet 64. 





Grsat Oolits. 
Northamptonshire. 


Species. 


1 


1 


1 


P 


1 


1 


1 


< 


1 

< 


ECHINODERMATA. 

Acrosalenia hemicidaroidCB - Wright - 

ClypeuB Miilleri ----- 

EchinobrisBUB cluniculariB - Llhwyd - 

„ GrieBbachii - Wright - 

„ sinuatuB - - Leake - 

„ Woodwardi - Wright - 

Pygaster semisulcatus - - Phil. 

Annelida. 
Serpula obliquestriata - - L. & M. 

Crustacea. 
Glyphea rostrata - - - Phil. - 

MOLLUSCA. 

(Brachiopoda). 

Rhynchonella concinna - - Sow. 

„ obBoleta - - Sow. 

„ varians - - Schloth. - 
Terebratula globata - - Sow. 

„ maxiUata - - Sow. 

„ intermedia - - Sow. 

„ omithocephala Sow. 

„ Bubmaxillata - Day. 

Lauellibranchiata. 
Monomyaria. 

Avicula echinata - - - Sow. 

„ Munsteri - - - Goldf. - 
Genrillia aviculoides - - Sow. 
Hinnites abjectus . - - Phil. 
Ostrea gregaria - - - Sow. 
„ Sowerbyi - - -L. &M.- 
„ subrugulosa - - - L. & M. - 
Pema quadrata - - - Sow. 
Pinna ampla - - - - Sow. 
Plicatula tuberculosa - - L. & M. - 
Pecten annulatus - - - Sow. 
„ demissus - - - Phil. 
„ lens - - - - Sow. 
„ chithratus - - - Rom. - 
Pteropema costatula - - Deslong - 
„ gibbosa - - - Lycett - 
„ plana - - - Lycett - 
Luna duplicata - - - Sow. 
„ impressa - - - L. & M. - 
„ interstincta - - - Phil. - 
„ pectiniformis - - - Schloth. - 
„ semicircularis - - - Goldf. - 


• 

+ 
+ 

+ 

+ 
+ 
+ 

+ 


+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 




+ 
+ 

* 


+ 

+ 

+ 

+ 
+ 

■ 

+ 

+ 
+ 

+ 
+ 


+ 




^ 




+ 




+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 


+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

1 

1 

+ 1 
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Table 2.-*Greographical Distribution of the Great Oolite, &c. — coni. 



Speciei. 



Qbbat Oolitb. 
Xorthamptoiuhlre. 



Dimyaria. 

Anatina undulata - . . Sow. 
Area Prattii - - - - L. & M. • 

„ smula - - . - Phil. 
Cardium Backmanii - * L. & M. - 

„ cognatum - . . phil. 
Ceromya concentrica - . Sow. 

f, plicata ... Ag. 

Cypricardia Bathonica - - D'Orb. - 

„ roBtrata - - Sow. 

„ nucnlifonnis - - Rdm. 

Cyprina Loweana - - - L. & M. - 

„ trapexiformis - - Rdm. 

C«rbicella Bathonica - - L. & M. - 
Cucnllsa Goldfussii - - Bdm. 

Gresslja peregrina - - - phil. 
Isocardia tenera ... Sow. 
Homomya crassiuscnla - - L. & M. - 
„ Vezelayi - D'Arch.- 

Modiola fnrcata ... Groldf. - 

„ imbricata ... Sow. 

„ Sowerbyana - - D'Orb, - 
Lucina despecta ... phil. 

„ Bellona - - - lyOrb. - 
Myacitefl calceifonnis - . Phil. 

„ deonrtatua - - Phil. 

„ secanfonnis - - Phil. 
Nesera Ibbetsoni ... Morris - 
NerinsBa ftmiculiui ... Desl. 

„ Voltzii - - . Desl. - 
Myoconcha crassa ... Sow. 
Pholadomya deltddea - - Sow. 
„ Heranlti - - Ag. 

„ Lyrata - - Ag. 

»9 Bocialis - - •L. & M. - 

TancKdia extensa ... Lycett - 
Trigonia costata - . - Sow. 

„ Moretonis - - - L. & M. • 



Gabtsbopoda. 

Natiea globosa . - - L. & M. - 

Nerita minuta * - - . Sow. 
Neriniea fonicnlus ... DesL 

„ Voltzii - - - Desl. - 

Cephalopoda. 

Ammonites bnllatus - . D'Orb. - 

Naadliis Baberi - - - L. & M. - 

„ hexagonos - - Sow. 

„ subtnmcatus - - L. & M. - 



PiBOBB. 

Strophodos magnus 
HybodoB dorsalis - 
Pycnodus Bucklandi 

'33108. 



Ag. 
Ag. 



GEOLOGY OP RUTLAND^ &0. 
Table 2.-— Greographical Distribution of the Great Oolite, <&c. — cant. 







CoaVBIUBH. 


















^M 


^ 


Species. 






1 


2 


M 


M 8 

•< 2 


1 






1 


I"" 


1 

( 1 


1 




1 


















Acroflalenia - - . - 


. 


+ 












EchinobrlBSOB dimienlariB - 


Libwyd. - 


+ 


, 


, 


, 


+ 




„ orbicnlans 


Pbil. 


. 


. 


, 


, 


+ 


+ 


Holectypits depresfias 


Leske 


• 


• 


• 


• 


• 


+ 




- 














Serpola intestixialifl ... 


Pbil. 


, 


, 


. 


, 


, 


+ 




Sow. 


. 


. 


, 


, 


, 


+ 


Vermicalaria nodoB - 


PhiL 


• 


• 


• 


• 


• 


^ + 


MOLLUSOA. 




' 












Bracbiopoda. 
















Bbjncbonella obsoleta 


Sow. 










, 


+ 


„ Tarians 


Schloth. - 










+ 


+ 


TerebratulaBentleTi - 


Motris 










, 


+ 


,, lagenaliB - . - 


Scbloth. - 










. 


+ 


„ ornithocepbala - 


Sow. 






, 




, 


+ 


„ obovata . . - 


Sow. 


+ 








+ 


-h 




Sow. 


• 








• 


+ 


IiAHELLIBlUirCHIATA. 
















Avicnla echinata ... 


Sow. 


+ 








+ 


+ 


„ Munsteri ... 


Goldf. 


, 








, 


+ 


Gervillia aviculoides - 


Sow. 


+ 










+ 


Oetrea flabelloides - * 


Ijam. 


+ 












Lima duplicata . - . 


Sow. 










, 


+ 


„ pectiniformifl ... 


Scbloth. - 










, 


+ 


„ rigida . . - . 


Sow. 










, 


+ 


Pecten anisopleiiniB ... 


Buy. 










, 


+ 


„ articnlataB ... 


Scbloth. - 










, 


+ 


„ annolatuB ... 


Sow. 


, 








, 


+ 


„ demissus ... 


Pbil. 


+ 








+ 




„ vaganB 


Sow. 


+ 








+ 




Isocardia tenera ... 


Sow. 


+ 








, 


+ 


GrefiBlya peregrina - - - 


PbU. 


, 








+ 


+ 


Lucina crasBa ... 


Sow. 


+ 












Lithodomns incloBOB . - . 


Phil. 










+ 




Modiola Imbricata ... 


Sow. 


+ 










+ 


MyaciteB decurtatufl - 


Pbil. 


+ 








+ 




„ BecuriformiB 


Phil. 


+ 








+ 




Pholadomya deltoidea 


Sow. 


+ 








+ 




), OYulimi - . - 


Ag. 


, 








^ 


+ 


Trigonia elongata ? - - « , 


S?w. 


+ 












,) Moretonis ... 


L. & M. . 


+ 












Gastbbopoda. 
















Actseonina ScarbuigenBlB 


Lycett. - 


. 


. 


• 


. 


. 


+ 


Cbenmitzia Bp. * - 


- 


• 


. 


. 


. 


+ 




Cefralopoda. 
















Ammonitefl maceocepbalos - 


Scbloth. - 


. 


. 


. 


• 


• 


+ 
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Table 2.— Geographical Distribution of the Great Oolite, &c, 



. — cont» 



Sptwiei. 



Pisces, 
PjenoduB fip* - 
Strophodua magnus - 

» BQbreticalatiis 

» tenuis 









CoaFBAAa 


IT. 






NftrtliattiptoiiiliiPB. 










1^4 


^ 






? 


. 


^ 


•Sg 


S 




« 

T? 


Si 

1^1 


"3 


Jo 


II 


1 




o 


d 

o 


^ 
S 






1 


Ag. 




, 


. , 


., 




+ 


Ag. 


, 


. 








J. 


Ag. 


• 


• 


• 


• 


+ 



Species. 



EOUINODERMATA . 

Acroealenia hemicidaroideB 
Clypenfl Mullen 



- Wright 



Crustacsi. 



S<ryinA elegans 



Oppel. - 



BhjDchonella conciima 
Terebratola intermedia - 
ty mazillata - 
„ omithocephala 
„ obovata .' - 
„ sublagenalis 



MOLUTSGA. 

Brachiopoda. 



Avicula echlnata 

Lima cardiiformis 
M dnplicata 

Ostrea Sowerbji 
M rabrogulosa 

Pecten annnlatas 

Pema nigosa - 
» qnadrata 

Cyprina Loweana 
M nucifbrmis 

Ceromya concentrica 
M Sjmondsii 

Cardinm cognatnm 
n Buckmani 
„ lingnlatum 
if Stricklandii 
}> subtrigonum 

Modiola imbricata 
}> Lonsdalei 



Lahellibsakghiata. 



Great Oolite, 
Lincolnshire, 



Stamford 
Open 
Fields. 



-Sow.- . 


+ 


- Sow. - 


^ 


. Sow. - 




- Sow. - 


• 


- Sow. - 




- Dav. . 


• 


- Sow. - 


+ 


- Lw & M. . 


+ 


- Sow. . 


+ 


- L. & M. - 


+ 


. L.&M.. 


+ 


- Sow. - 




- Munat. - 




. Phil. - 




- L. & M. - 




• Lye. 




. Sow. - 


+ 


- L. & M.. 




- Phil. - 




. L. & M. - 




L.&M.? 




. L.&M.. 




L.&M.- 




Sow. - 


+ 


L.&M. . ^ 


+ 



Danes 
Hill. 



+ 
+ 
+ 
+ 
+ 



+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 



T 2 
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Table 2. — Greographical Distribution of the Great Oolite, Ac^-coni, 



Speoiea. 



OsBAT Gouts. 
Linoolnshire. 



Stamlbrd 
Opea 
Pteldii. 



Danes 
HilL 



Mjacites BecurifonniB 

Cypricardla caudata 

„ nacaliformis 

Isocardia tenera 

Pholadomja acuticosta 
„ PhiUipsii - 

„ lyrata 

Taneredia angulata 

NesBra Ibbetsoni 

Trigonia costata 
„ Moretonis 



Gastxbopoda. 



Amberleya nodosa 

Natica canaliculata 

„ globoBa - 

,, formoBa 

,y pyramidata 



Ammonites gracilis 
Nautilus Baberi 
», BubtmncatuB 



Cephalopoda. 



Phil. . 




Lycett - 


. 


Bdm. - 




Sow. - 




Sow. - 


+ 


Morris - 




Sow. - 




Lycett - 


+ 


Morris - 


+ 


Sow. 




L.&M. - 


• 


Bnckm. - 




L. & M. - 




L.&M.. 




L.&M.. 




L.&M.. 


• 


Buckm. - 


+ 


L.&M.. 


+ 


L.&M.- 


• 



+ 
+ 
+ i 





OoiUrBBABH. 

LinoolDAhlTe. 


Species. 


§ 


V 




1 


ECHINODBRHATA. 

Cidaris Bradfordensis - - - - Wright 
Echinobrissus dunicularis - - - LIhwyd 

„ orbicularis - . - Phii. 

„ quadratus - - - Wright 
Holectypus deppessus ... i^am. 

Ammblida. 
Serpula intestinalis - - - - phU. 
„ tetragona - - - - Sow. 

MOLLUSCA. 

Brachiopoda. 
Discina ----.. 
Rhynehonella concinna ... Sow. 
„ Morieri - - - Dav. 
„ varians - - . Schloth. 
Terebratula Bentleyi - - - Morris 
„ coarctata ... Park. 
„ intermedia - - . Sow. 


+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 


+ 

+ 
+ 


• 


+ 
+ 
+ 
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Table 2. — Geographical Distribution of the Great Oolite, &c. — cant. 



Species. 



COBKBILLBH. 

Lincolnshire. 



I 



Terebratnla lagenalis 

,y omithocephala - 

„ maxillata 

„ oboYftta 

„ sablAgenalis 



L A MWTXTRR ANQHIATA. 



AvioulA echinata 

„ Munsteri - 
GerviUea aTiculoides 
Hiimites abjectas - 
Ostrea flabelloides - 
„ Sowerbyi 
„ Bubragolosa - 
lima duplicata 
„ pectiniformis - 
„ impressa 
„ rigidula 
„ rigida 
„ pnnctuiata 
Pecten demissus 
„ lens 
„ peregriniifi - 
„ vagans 
Pinna coneata 
Cardiom cognatom - 
„ subtrigonum 
Cyprina Loweana - 
Goniomya y-scripta - 
Gresslja peregiina - 
Homomya crassiuscula 

„ gibbosa - 

Isocardia tenera 
liucina Lycettii 
Modlola gibbosa 

„ imbricata - 
Myc^is Jorassi 
Myacites calceiformis 
„ decurtatiis - 
„ modica 
„ sinistra 
„ secoriformis 
„ Terquemi - 
Pholadomya deltoidea 
„ acuticosta 

Trigonia costata 
„ elongata ? 
,, cassiope - 
„ Moretonis - 
„ Scarburgensis 
Qaenstedtia oblita 



Schloth. 

Sow. 

Sow. 

Sow. 

Day. 



Sow. 

Goldf. 

Sow. 

Pha 

Iadd. 

L. &M. 

L. &M. 

Sow. 

Schloth. 

L. &M. 

Phil. 

Sow. 

Sow. 

Phil. 

Sow. 

L. <&M. 

Sow. 

Bean 

Phil. 

L. &M. 

L. &M. 

Sow. 

Phil. 

L.&M. 

Sow. 

Sow. 

Oppel. 

Sow. 

Sow. 

Brong. 

Phil. 

Phil. 

Bean 

Ag. 

Phil. 

Bur. 

Sow. 

Sow; 

Sow. 

Sow. 

D'Orb. 

L.&M. 

Lycett 

Phil. 



Gabtsbopoda. 



Chemnitxia yittata - 



PhiL 
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Table 2. — Geographical Distribution of the Great Ctolite, &c. — coni. 





GOBVBSABK. 

LinooliMhire. 


Species. 


P 


P 




1 


Cephalopoda. 
Ammonites Hexreyi - - - Sow. 

„ macrocephalos - - - ' Schloth. 
Nautilus Babcri - - - - L. & M. 

Pisces. 
Strophodus magnus - - - Ag. 


+ 


+ 


• 


+ 
+ 
+ 



Species. 



Gbbat Oolits.] 
Rutland. | 



Eryma, allied to Elegans 



Terebratola intermedia 
„ peroyalis 



Crustacea. 

mollusoa. 
Brachiopoda. 



Lamqllibeanchiata. 



GemlHa mopotis - 
„ Islipensis - 
Lima cardiifonnis - 
„ puncturata - 
Fecten annnlatus - 
„ demissuB 
,, lens 
Pinna cuneata 
Pema quadrata 
Pteropecna costatola 
Ostrea Sowerbyi - 
,, Bubrngulosa 
Ceromya Symondisdi 
Cardium subtrigonmn 

„ Buckmani 
Corbicella Bathonica 
Cyprina depreBsioscula 

„ Loweana - 
Cypricardia nuculiformis - 
„ Bathonica 
„ roBtrata 

Gresslya pcregrina 
Homomya crassiuscula 

„ Vezelayi 
Isocardia tenera 
Myacites caloeiformiB 
,f Becuriformis 
,, Terquemea 
Modiola imbricata - 



Sow. - 
Sow. - 

DeBl. - 
L.&M. 
L.&M. 



Sow. 
Phil. 
Sow. 
Bean 



Sow. 
Desl. - 
L.&M. 
L. &M. 
L. &M. 
L.&M. 
L. &M. 
L. &M. 
L. &M. 
L. &M. 
L. &M. 
L.&M. 
Sow. - 
PhU. - 
L.&M. 
D'Arch. 
Sow. - 
Phil. . 
Phfl. - 
Bur. - 
Bow. - 
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Species. 



GBBiiTOOLIZB* 

EutlaiuL 



<^ 



Macrodon Hinonends 
Neam Ibbetsoni - 
Fholadomya deltoidea 
y, Heraiilti 

„ oblitft 

„ lyrata 

„ socialifl 

„ Bolitaria 

Tancredia aziniformia 
Trigonia ooBtata - 
„ elongata ? 
„ Moretoms 
Unicardinm YaiicoBtun 



Natica globoea 
,y grandis 
„ tonnofia 
,, intennedia 



NaatUus Baberi 
,, Bubtrancatas 



Hybodns sp. 



Gastebopoda. 
Cephalopoda. 

PiBGES. 

Bbftiua. 



D'Arch. 
Morris 
Sow. - 
Ag. . 
L. &M. 
Sow. - 
L.&M. 
L. &M. 
Phil. - 
Sow. - 
Sow. - 
L.&M. 
Sow. - 



L.&M. 
L.&M. 
L.&M. 
L.&M. 



L.&M. 
L.&M. 



TeleoBanruB sp. 
Pterodactylns sp. - 



COBKBBASH. 
Stilton, Huntinodokshibb. 

ECHIKOiaBBlCATA. 

QypenB MtUleri. Wright 
EcynobrisBiiB clttnicululB. Uhwyd. 

„ orbicularis. Phil. 

HolectypQB depressoB. Leske. 

Annbuda. 

Serpola inteBtiaaliB. Phil. 
„ Bquamosa. BeaOi 
„ tetragona. Sow. 

Cbustaoka. 
Glyphsea roetrata. Phil. 

BBAOmOPODA. 

Rhjnchonella concinna. Sow. 
„ Moorei. Daw. 

„ obBoleta Sow. 

., YariaoB. Schloth. 
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Terebratula Bentleyi. Morris. 

„ coarctata. Park. 

,y intermedia. Sow. 

„ lagenalis. Schloth. 

„ Bub-lagenalis. Dav. 

„ maxillafa. Sow. 

„ obovata. Sow. 

„ omithocephala. Sow. 

Lamellbbbanobxita. 
Anomia Bcmistriitta. Bean. 
Avicnla echinata. Sow. 
Lima duplicata. Sow. 
„ impressa. L. & M. 
,, InYiufiOola. Sow. 
y, peetiniformiB. Schloth. 
„ rigida. Sow. 
,/ rigidula. Phil. 
Pecten anisopIeoniB. Buy. 
„ articiilatuB. Schloth. 
„ annulatus. Sow. 
„ demiBsns. Phil. 
„ inffiquicostatus. PhiL 
„ lens. Sow. 
„ Miehelensis. Buy. 
„ Tagans. Sow. 
Cudium cognatnm. Phil. 
Gypricardia caudata. Lycett 
Gt>niomya v-Bcripta. Sow. 
Homomya crafisinscula. L. & M. 

„ gibbosa. Sow. 
Isocardia tenera. Sow. 
Lucina striatula. Bav. 
Modiola gibbosa. Sow. 
„ imbricata. Sow. 
„ Lonsdalei. L. & M. 
„ Sowerbyana. D'Orb. 
Myacites calceifonnis. Phil. 
„ decortatos. Phil. 
,y recuryuB. Phil. 
„ Becarifonnis. Phil. 
„ Binistra. Ag. 
Pholadomya acnticoBta. Sow. 
„ deltoidea. Sow. 

„ Lyrata. Sow. 

„ PhillipBia. Moms. 

Trigonia Scarbuigensis. Lycett. 

Gastsbopoda. 
Chemnitada simplex. L. & M. 
Pleorotomaria grannlata. Sow. 

Cephalofoda. 
Ammonites Hanreyi. Sow. 

macrocephalus. Schloth* 
modiolaris. Llhwyd. 

P1BOE8. 

Strophodus magnus. Ag. 

„ sabreticulatus. Ag. 
P^cnodos Bncklandi. Ag. 
AjiteracanthaB yerrucosns. Ag. 

RxpnuA. 
IchthyoBaurus sp. 
FleBioBanrus sp. 
TdeoBanros sp. 
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List of Booeb, Fafebs, &c., on the Geology, Pal^ontologt, 
and mlnesalogt of the countt of eutlanb, together ^wttfl 
those relating to the portions of ijncoln, leicester, 
Northampton, Huntingdon, and Cambridge, included within 

THE AREA OF ShEET 64. 

From Materials supplied bt W. Whitaker, B.A., F.G.S., &c* 



Alphabetical List of Authors, whose writings are cited in this Appendix. 

(The numbers refer to the titles as Chronologically arranged.) 



Anonjmaous Papers, 7, 67. 

Anderson, Sir C, 46. 

Aneted, Prof. D. T., 82. 

Baker, J. L., 53. 

Barker, T., 9. 

Bathnrst, C, 32. 

Bayne, A. D., 106. 

Beam, W., 54. 

Brayley,E. W., 18, 14. 

Brewer, J. N., 18. 

Britton, J., 11, 12, 14. 

Brodie, Bey. P. B., 43, 48, 50, 63, 72, 89, 

94. 
Brown, — , 78. 
Bnckland, Rev. Dr. W., 24. 
Clarke, J. A., 51. 
Coleman, Bev. W. B., 45. 
Conybeare, Rev. W. B., 28. 
Davidson, T., 62, 55. 
De la Beche, H. T., 38. 
De la Condamine, Bev. H. M., 56. 
Duncan, [Prof.], P. M., 90. 
Edwards, L., 8. 
Fairley, W., 102. 
Rtton, Dr. W. H., 85. 
Herman, W. D., 108. 
Holdsworth, J., 83. 
HuU, E., 70, 84, 107. 
Hunt, K., 74. 

Ibbetson, Capt., LL3., 47. 
Jecks, C, 95. 
Judd, J. W., 96, 104. 
Lewis, Bev. — , 3. 
Lister, M., 1. 
Lonsdale, W., 36. 



Lycett, Dr. J., 49, 58, 62, 64, 78, 108. 

Maw, G., 91. 

Mitchell, Dr. X, 87. 

Morris, Prof! J., 47, 49, 57, 58, 62, 97. 

Morton, J., 2. 

Murray, G., 92. 

Owen, Prof. B., 89, 98. 

Parkinson, B., 16, 19. 

Percy, Dr. J., 80. 

PhiUipe, Profl J., 42, 65, 100. 

Phillips, W., 22, 28. 

Pitt, W., 15, 19. 

Porter, Dr. H., 75, 79. 

Pusey, P., 40. 

Riley, E., 76. 

Rome, Rev. J. L., 93. 

Rose, C. B., 41. 

Saunders, J., Jnn., 34. 

Sedgwick, Rev. Prof. A., 31. 

Seeley, H. [G.], 86, 87. 

Sharp, S., 99, 101, 109, 110. 

Short, Dr. T., 4, 5, 6, 7. 

Smith, C. H., 44, 38 

Smith, W., 21, 28, 25-27, 38, 42. 

Sowerby, J., 20, 29, SO, 33. 

Sowerby. J. D., 38. 

Topley, W., 105. 

Townshend, Rev. J., 17. 

Trimmer, J., 59, 60. 

TroUope, Rev. E., 68. 

W., 67. 

Wood, S. v., Jun., 81, 88, 93. 

Wright, Dr. T., 61, 65, 66, 69, 71, 77. 

Young, A., 10. 
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Ckr(mologie€U List of the Papers referring to the District. 

1671. 

1. LisTBB, M» A Letter » .... on that ;of M. Steno conceniing 

Petiify'd Shells. PkU. Trans., vol. v. (No. 76), p. 2282. 

1712. 

2. MoBTON, J. NatuzAl History of NorthamptonBhire, &c. Fol. Lond. 

1728. 

3. Lxwis, Rbv. — . An Account of the several Strata of Earths and Fossils 

found in sinking the mineral Wells at Holt. 

Phil Trans., vol. xxxv. {No. 403), p. 489. 

1734. 

4. Short, Dr. T. The Natural, Experimental, and Medicinal History of 

the Mineral Waters of Derbyshire^ Lincolnshire, and Yorkshire, Par- 
ticularly those of Scarborough^ Together with the Natural 

History of the Earths, Minerals, and Fossils through which the chief of 
them pass. 4/o. Lond. 

1740. 

5. Short, Dr. T. An essay Towards a Natural, Experimental, and 

Medicinal History of the Principle Mineral Waters of North- 
amptonshire, Leicestershire, and Nottinghamshire, Particularly those 
of Neyile Holt &c. 4to. ShefieU. 

6. ■ Natural, Experimental, and Medicinal History of the 

Mineral Waters of England. 4to. Shiffleld. 

1765. 

7. Anon. [Dr. T. Short]. A General Treatise on various Cold Mineral 

Waters in England, but more particularly on those at ...«.• • 
Neville Holt, &c. Sivo. London. 

1769. 

8. Edwards, L. Survey of Witham (some geological notes). 

1791. 

9. Barker, T. Abstract of a Register of the Barometer, Thermometer, 

and Bam at Lyndon in Rutland. Note, " Chalk found in a new place." 

Phil. Trans., vol. Iscxxi., Part 2, p. 281. 

1799. 

10. Young, A. Agricultural Report of the County of Lincolnshire, with a 

Map and Fhites. Svo. London. 

1807. 

11. Britton, J. A Topographical and Historical Description of Leicester- 

shire. BeatUies of England and Wales, vol. ix., p. 313. 8vo. London. 

12. .—.-.-.-.- A Topographical and Historical Description of Lincoln- 



shire. Ibid., p. 623. 

1808. 

13. Brayley, E. W. a Topographical and Historical Description of Hunt- 

ingdonshire. Ibid., vol. vU,, p. 325. 

14. Brayley, E. W., and J. Britton. A Topographical and Historical 

Description of Cambridgeshire.. Ibid,, vol, ii. 

1809. 

15. Pitt, W. Agricultural Report of the County of Northamptonshire, 

drawn up for the Board of Agriculture and Internal Improvement. 

8po. Lond. 
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1811. 

16. Parkinson, R. Agricultural Report of the County of Huntingdon, 

drawn up for the consideration of the Board of Agriculture and Internal 
Improvement. 800. Lond. 

1812. 

17. TowNSHKND, Rev. J. The Character of Moses established for veracity 

as an Historian. Recording Events from the Creation to the Ddnge; 
with Plates of Fossils. 4to. Bath and Lond, 

1813. 

18. BsEWEB, J. N. A Topographical and Historical Description of the 

County of Rutland. 

Beauties of England and Wales, vol, xU,, Part U, 800. Land. 

19. Pitt, W., and R. Parkinson. A General View of the Agriculture of 

the Counties of Leicester and Rutland, drawn up for the oonsideration 
of the Board of Agriculture and Internal Improvement, with a Map 
and Plates. 800. Lond, 

1816-1818. 

20. SowERBY, J. The Mineral Conchology of Great Britain. Vol. II. 

800. Lond. 
1817. 

21. Smith, W. Stratigraphical System of Organized Fossils with reference 

to the specimens of the Original Geological Collection in the British 
Museum. Explaining their state of preservation and their use in 
identifying the British strata. Ato, Lond. 

1818. 

22. Phillips, W. A Selection of Facts from the best authorities, ananged 

so as to form an Outline of the Geology of England and Wales. With 
a Map and Sections. 12»io. Lond, 

1820. 
' 23. Smith, W. A New Geological Map of England and Wales. Lond, 

1821. 

24. BucKLAND, Rev. Dr. W. Notice of the Chalk at Ridlington. 

Trans, Geol, Soc,, voL v,, p. 539. 

25-27. Smith, W. Geological Maps of Rutlandshire, Leicestershire, and 
Huntingdonshire. Lond, 

1822. 

28. CoNYBSARE, Rev. W. D., and W. Phillips. Outlines of the Geology 

of England and Wales. 8tx>. Lond. 

1822-1823. 

29. SowBRBY, J. The Mineral Conchology of Great Britain. Vol. iV. 

890. Lond, 
1824-1825. 

30. SowERBY, J. The Mineral Conchology of Great Britain. Vol. V. 

8ro. Lond, 
1825. 

31. Sedgwick, Rev. Prof. A. On the Origin of Alluvial and Diluvial 

Formations. Ann, of Phil, Ser. 2, vol. ix., p, 241, and vol. x., p. 18. 

1826. 

32. Bathurst, C. Account of the Geology of the country between Stam- 

ford and Bedford. MS. 

1826-1829. 

33. SowxRBY, J., and J. D. The Mineral Conchology of Great Britain. 

Vol. VI. 8©o. Lond. 
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1834. 



34. Saundbrs, J., J UN. History of the County of Lincoln, with a Map 

and Plates. [Geology, chapter 2, p. 17.] 4to. London and Lincoln. 

1836. 

35. FiTTON, Dr. W. H. On the strata between the Chalk and the Oxford 

Oolite in the South-east of England (Chalk at Ridlington). 

Trans, OeoL Soc, Ser. 2, vol. w., p, 30B, and notes, p, 383*. 

36. Lonsdale, W. Maps of the Oolitic Districts of England. Sheet 64. 

MS. 

1838. 

37. Mitchell, Dr. J. On the Drift finom the Chalk and the Strata below 

the Chalk in the Counties of Norfolk, Suffblk, Essex, Cambridge, 
Huntingdon, Bedford, Hertford, and Middlesex. 

Proc, OeoL Soc, vol. Hi., p. 3. 

1839. 

38. Db la Bbche, H. T., W. Smith, and C. H. Smith. The Result of an 

Inouiry undertaken under the Authority of the Lords Commissioners 
of Her Majesty's Treasury with reference to the Selection of Stone for 
building the new Houses of Parliament. Parliamentary Report. 

1841. 

39. Owen, Prof. R. A descriptipn of a portion of the Skeleton of the 

Cetiosaurus, a gigantic extinct Saurian Reptile occurring in the Oolitic 
formations of different portions of Englana. 

Proc. Oeol. Soc., vol. Hi., p. 457. 
1843. 

40. PusBT, p. On the Agricultural Improvements of Lincolnshire. 

Joum. Roy Agric. Soc. vol. iv.,p. 287. 

41. Rose, C. B. On the Alluvium of the Bedford Level. Geologist, p. 73. 

1M4. 

42. Smith, W. Memoirs of William Smith by Prof. John Phillips. 

Svo. Lend. 
1845. 

43. Brodie, Rev. P. B. A History of the Fossil Insects in the Secondary 

Rocks of England, accompanied by a particular account of the strata 
in which they occur, &c. Svo. Lond. 

44. Smith, C. H. Lithology, or Observations on Stone used for Building. 

4^0. Lond. 
1846. 

45. Colbman, Rev. W. H. Article on the Geology of the County of 

Leicester. W. White's History, Gazetteer, and Directory of Leicester^ 
shire and the small County of nutland. With a Map. 

12mo. Sheffield. 

1847. 

46. Anderson, Sir C. A Short Guide to the County of Lincoln, with 

notes on the Geology, Botany, &c. 12mo. Cfainsborough. 

1848. 

47. Ibbbtson, Capt., LL.B., and [Prof.] J. Morris. Notice of the 

•Geology of the neighbourhood of Stamford and Peterborough. 

Rep, Brit. Assoc, for 1847, Trans, qf Sections, p. 127. 

1850. 

48. Brodie, Rev. P. B. Sketch of the Geology of the neighbourhood of 

Grantham, Lincolnshire ; and a comparison of the Stonesfield Slate at 
Collyweston in Northamptonshire with that in the Cotswold Hills. 
Ann. 4r Mag. Nat. Hist., Ser. 2. vol. vi., p. 256, and Proc. Cotteswold 
Nat. Club, vol, i.,p, 52. 
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49. Morris [Prof.] J., and J. Ltcbtt. A Monograph of the Mollusca 

from the Great Oolite. Part I., Univalves [Colljrweston, p. .15]. 

PaUeontograph. Soc, 4to, Land. 

1851. 

50. Brodie, Rev. P. B. Remarks on the^Stonesfield Slate*at Col^eston, 

near Stamford, and the Great Oolite, InfSerior Oolite, and Lias, in the 
neighbourhood of Gtantham [equivalent to No. , but with shght 

alterations]. Rep. Brit, Assoc, for 1850, Trans, of SecHons,p. 74. 

51. Clarke, J. A. Farming of Lincolnshire. 

Joum. Roy. Agric. Soc,, eo/. xU.fp. 259. 

52. Davidson, T. A Monograph of British Oolitic and Liassic Brachio- 

poda. Part II. [Northampton, pp. 10, 40-43, and 58]. 

PaUBontograph. Soc. 4to. Lond. 

1852. 

53. Baker, J. L. An Essay on the Farming of Northamptonshire, with a 

geological map, &c. Svo, Lond. 

54. Bearn, W. On the Fanning of Northamptonshue [with description 

and map of the soils]. Joum. Roy. Agric. Soc., vol. xUi.p. 44. 

55. Davidson, T. A Monograph of British Oolitic and Liassic Brachio- 

poda. Part III. [Plate« 14-18, and p. 68]. 

PalcBontograph. Soc. 4to. Lond. 

1853. 

56. De La Condaminb, Rev. H. M. On a Freshwater Deposit in the 

" Drift" of Huntingdon. Quart. Joum. Geol. Soc, vol. ve.,p. 271. 

57. Morris [Prof.] J. On some Sections in the Oolitic district of Lincoln- 

shire. Quart. Joum. OeoL Soc., vol. ix., p. 317. 
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per lias between ; 85. 

Aunby cutting, section in ; 197. 

, Lincolnshire Oolite at ; 175. 

Ayston, Northampton Sand at ; 109. 

B. 
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— , the Duke's Brickyard on ; 217. 

Bee Hill, outlier of Northampton Sand; 
107. 

Beesley, Mr., on age of Oolites near Ban- 
bury; 4. 

Bun, A. D., geological notes, &c. ; 801. 
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brickyard, section at ; 69. 

Coplow, boring for coal ; 62. 

and Loddington Fault, eiSects of the ; 

71, 256. 

Billing Brook, beds along course of the ; 
196, 208, 224, 234. 

Bbbrook, Lincolnshire Oolite at ; 177. 

Northampton Sand at ; 109. 
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Brown, Mr. on the Iron-ores of Northamp- 
tonshire; 299. 
Browns Oak, sections near ; 226. 
Backland, Bey. W., on the Chalk at Bid- 

lington; 296. 
''Bucklandi** beds in the Froddingham 

cutting ; 41, 42. 
Buckman, on Combrash fossils ; 219. 
Building-stones, district celebrated for; 

66. 
of the Lincolnshire Oolite, durability 

of the; 180. 
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at; 164. 
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, iron-ore at ; 104. 

, Northampton Sand at ; 103. 

— , sections of Upper Lias in ; 86. 

spa ; 269. 

, Northampton Sand escarpment at ; 

97. 
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carpment to the north of ; 85. 
Burrow Hill, Middle Lias at ; 66. 
Bnrrow-on-Uie^Hill, Middle Lias at ; 66. 

; 254. 
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SaM; 107. 
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114. 
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269, 270. 
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near; 237. 
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bed at; 72. 
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Campden, pea grit ; 12. 
Carboniferous beds, local character of; 6. 
Carbonate of iron, central nodules of in 

ironstone; 133. 
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Carruthers, Mr., on plant remains in the 

Northampton Sand ; 120. 
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Casewick cutting. Lacustrine deposit in 

the; 244. 
— , Ozfordian series in the ; 232, 236. 
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288. 
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Castle Bytham, inlier of Northampton 

Sand at; 106. 
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line) ; 189. 
Castor, disappearance of Lincolnshire 
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, Great Oolite at; 201. 

, Lincolnshire Oolite at ; 143, 173. 
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208. 
Hanglands Wood, Upper Estuarine 

Series at ; 195. 

Heath, Combrash at ; 219. 

, Alwalton Marble at; 208. 
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Cave deposits ; 249. 

Cells, prismatic form of, in the North- 
ampton Iron-ore ; 133. 
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Changes attendant on the passage of water 
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Chater Biver, Inliers of Middle Lias iu 
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Chater River, pre-glacial graTels in the 
valley of ; 250. 

Chemical character of springs from North- 
ampton Sand ; 134. 

Chenucal characters of the Northampton 
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Chesterton, Comhrash near ; 224. 

Chipping Campden, Midford Sands at ; 12. 
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at; 236. 
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, test of; ib, 
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Clipsham, building stones at 141, 167, 179. 

, Comhrash outlier at ; 229. 

freestone; 167. 

, Great Oolite at ; 213. 

, Lincolnshire Oolite; 141, 167,179, 

189. 

Quarries, Lincolnslure Oolite ; 167. 

, mass of indurated gravel near ; 

269. 

, Upper Estuarine Clays at ; 199. 

Clipston, Middle Lias at ; 75. 

"C/yp«« Grit;" 11. 

Coal, boring for, at Neville Holt ; 107. 

, boring for, at Stamford ; 104. 

Colborough Hill, non-occurrence of North- 
ampton Sand at ; 109. 

Cold Overton, doubtfol existence of North- 
ampton Sand at ; 110. 

Coleman, Rev. W. H., on Gkology of 
licicester; 297. 

Cole's Lodge, Marlstone rock-bed near ; 76. 

CSollyweston, fault at ; 258. 

Parks, Upper Lias in ; 85. 

Quarries, wells in Upper Lias in ; 

85. 

, tenure of land at ; 183. 

village, Lincolnshire Oolite and Slate 

at; 156. 

and Homstock Woods, section in 

claypitnear; 192. 

Slate; 139. 

, beds representing the; 96, 

106, 154, 177. 

, fossils of the ; 140, 157, 276. 

Slates, extent and characters of; 182. 



O>llyweston Slates, how quarried ; 182. 

, mode of covering rooft with ; 183. 

— ^, prices of the ; 188. 
^— Slate separated from the Stones- 
field; 5. 
Collyweston Slates, tools used in working 

the; 183. 
C!olouring matter of the Northampton iron- 
ore; 127. 
Combe Hill, outlier and list of fossils at ; 

25. 
Comparison of analyses of Northampton 

iron^res; 127. 
of fosisils of Inferior Oolites with 

S.W. of England and Yorshire ; 276. 
Compton Wingate, Northampton Sands at ; 

20. 
Concentric stmcture in iron-ore at Easton; 

118. 
Conditions of deposition of the Northamp- 
ton Sand ; 1 28. 
Condition of iron in chalybeate springs ; 

130. 
Conderton, sections of white freestones 

near; 14. 
ConiDgton Brickyard, Oxford Clay at; 

233, 237. 
Conybeare, Rev. W. B., Geology of Eng- 

huid and Wales ; 296. 
Coral ree& in Oolitic Series ; 139. 

, Dr. Wright on ; 139. 

"Coralline Eacies ;" 139. 

Corby, Lincolnshire Oolite at ; 149, 151.- 

— - and Weldon, inlier of Nortiiampton 

Sand at; 100. 
Comhrash, the ; 218. 

, altered by passage of water ; 1 15. 

, characteristics of the; 187. 

, description and thickness of the ; 

218. 

, economic value of the ; 219, 231 

, extent of the ; 219. 

, persistence of; 7, 31. 

, mliers of the, 229. 

, outliers of the ; 221,228. 

" Comhrash of Scarborough;" 187. 
Comhrash (so-called), of North Yorkshire ; 

9. 
, table of fossils from the ; 288, 

291. 
Correlation of Oolites in South-west of 

England and Yorkshire ; 2. 
of strata between Peterborough and 

Stamford by Morris and Ibbetson ; 3. 

of the subdivisions of the Lias ; 88. 

Cotterstock, Great Oolite near ; 206. 

, Upper Lias at ; 86. 

Cottesmore, Northampton Sand at ; 97. 

^— , Upper Lias near ; 85. 

O>tteswold Hills, Fuller's earth of the; 

189. 

, strike of beds in ; 255. 

Cottingham brickyard. Lower Estuarine 

Series ; 95. 
, Lincolnshire Oolite near ; 140, 149, 

150. 
stone-pit. Inferior Oofite in ; 95. 
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Connihorpe, railway-cutting and section 

at; 175. 
"Crash-bed," vertical burrows of Litho- 

domi in apper surfkce of the ; 155. 
Creeton, Lincolnshire Oolite near; 175, 

176. 
Croll, J., on Boulder-clay of Scotland ; 

243. 
Cross, Rev. E., on fauna of zone of Ammo- 
nites semicottiatua ; 45, 52. 
Cross Leas, Great Oolite at ; 207. 
Crowland, marine silt of Fenland at; 

253. ,. ^ 

Cranhoe brickyard, Middle Lias and hst of 

fossils at; 64,72. 
Cross Barrow Hill, Rock-bed at J 72. 
Cross-Way-Hands Lodge, Great Oolite 

near; 206. 

, Upper Estuarine Series at ; 194. 

, pit in, Lincolnshire Oolite at ; 169. 

— -, well near ; ib. 

, thinning out of Lincolnshire OoUtc 

near; 141. 
«Curley;'*94. 

D. 

Dalby , Lower Lias at ; 60. 
Danes Hill railway-cutting, Great Oolite 
at ; 210. 

, Prof. Morris on section in j 196. 

, synclinal in ; 255. 

, table of fossils from. Great Oolite at ; 

287. 

— , combrash at ; 288. 

Darwin, on cause of variations in strata ; 50. 
Davidson, Mr. T., on Brachiopoda of 

Oolites and Lias ; 298. 
Deddington, fault near ; 25. 

'. , outliers and list of fossils near ; ib. 

Deep sea conditions changing to shallow 

water; 51. 
Deepdale, Middle lias at ; 64. 

9 Upper Lias near ; 84. 

Deeping, Estuarine Gravels at ; 251 . 
Dene, Great Oolite outlier at; 213. 

, Lincolnshire Oolite at; 140, 141, 

149, 152, 153. 

, Northampton Sand at ; 101, 114. 

, slate pits at ; 162, 182. 

Dene-Thorpe, Upper Estuarine Series; 

191. 
Denudation ; 119, 182, 260. 

of iron-ore; 119. 

Desborough, iron-ore at ; 94, 117. 

. , section in railway-cutting at ; 94. 

— , Upper Lias at; 81. 

De la Beche, Sir H., on oolitic structure of 

rocks; 184. 
— , report on building stones ; 297. 
De la Condamine on Drift of Huntingdon ; 

298 
Development and occurrence of subdivi- 
sions of the " MargaritatuB " zone ; 64. 
Dick, Mr. A. B., analysis of iron-ores; 
124. 

, B., on boulder-clay of Scotland; 

243. 



Difierenee between oolites of S.W. of 

England and Torkshire; 1. 
Dingley Lodge, pit in ** SerpentinuB " bods ; 

75, 81. 
Dingley, section in Northampton Sand 

near ; 106. 
District formerly celebrated for iron ; 55. 
Division between Middle and Lower Lias, 

reasons for, m England ; 59. 
*' Dogger " of Yorkshire ; 33, 92. 
Dogsight, Combrash outlier at ; 229. 
Dogsthorpe, section in brick-pits at ; 226, 

232, 285. 
Dotted lines on the map, reasons for draw- 
ing ; 142. 
Drainage of the fen-land ; 55. 
Draughton, Northampton Sand at ; 30. 
Duddington, Collyweston Slate in, old 

pits at ; 102, 141, 154. 

combrash, outlier section in ; 228. 

fiiult near;; 257. 

-^-j Great Oolite outlier ; 213. 

, Upper Estuarine Series; 192. 

Dumbleton, feult near ; 255. 
" Dumbleton Series ; " 79. 
Duncan, Prof. P. M., on corals ; 300. 
Doston Slate ; 30, 94. 

E. 

East Carlton, Lower Estuarine Series near 
94. 

, Middle lias near ; 75. 

East Pamdon, Middle lAas at ; ib. 
East Norton, Marlstone at ; 72. 

., Upper Lias at ; 83 
Easton, sectipn of the Northampton Sand 
at; 103. 

, sections of Collyweston Slate at; 

156. 

, stracture in iron-ore at ; 1 18. 

Eastrea brickyard, Oxford clay with fossils 

at ; 238. 
Ebelman, M., on the blue colour of rocks ; 

127, 176. 
Ebrington, outlier of Inferior Oolite ; 12, 

14, 15, 16. 
Echinodermata of oolites near Hotham, 

and Cave ; 4. 
Economic uses of the Marlstone Rock- 
bed ; 65. 
Edenham, Combrash near ; 227, 229. 
Edith Weston, occurrence of Lingula in 
Inferior Oolite ; 167. 

, Northampion Sands at ; 96. 

Edmondthorpe, sections of Marlstone and 
list of fossils found near ; 64, 71. 

, Upper lias sections near ; 85. 

Edwards, L., on river Witham ; 295. 

Egleton, Middle lias near ; 71. 

Eleanor Cross at Geddington, spring at 

the; 93. 
Elton, Combrash near ; 223. 

, feult at ; 258. 

, folding of strata at ; 255. 

, indurated gravel at ; 250, 269. 

^, Oxford clay near ; 264. 

^ Great Oolite in well near ; 207, 217. 
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EmplflghHm, Northampton Sand at ; 96. 

— Upper Lias sections near ; 85. 
Epvell Hill, height of; 21. 

^y outlier at; 17. 

Bscaipments, causes of height of; 54. 
— , direction and extent of ; 53, 54, 26*4. 
Escarpment formed by beds of the zone of 

Am, semicostatus ; 42. 
of the Marlstone Bock-bed, southern 

spur of ; 67. 

of Northampton Sand; 93. 

Essendine, Great Oolite in railway -cutting 

at; 209,210,211. 
, Lincolnshire Oolite in railway-cut- 

tings at; 175. 
*— , table of fossils from Great Oolite at; 

290. 
Estoarine Clays, unoonfonnity between 

npper beds of and Lincolnshire Oolite ; 

86. 

Grayels ; 250. 

Series, unconformity in ; 83. 

— , Lower; 92. 

equivalent to Lower Beds of 

Northampton Sand ; 82. 

— inliersof;, 100. 

—I Upper, characters of; 81, 32, 

88, 186, 188. 
•-»— — — , conditions of deposition of the ; 

189. 
•— — , economic characteristics of the ; 

201. 
« Estuarine Series, Upper,'' equivalent to 

upper beds of the Northampton Sand ; 32 ; 

and of the lower sone of the Great Oolite; 

n. 

-»- , fossils of the ; 189. 

— , inliers ofthe; 197. 

f ironstone nodules in ; 38. 

— — , outcrop of the ; 190. 

— — ^— , outliers of; 198. 

, outlying " pipes " ofthe ; 189. 

, thickness of the ; 189, 191. 

Etherid|re, Mr., on Lincolnshire Oolite ; 36. 
Ezton, Northampton Sand at; 96, 97, 114. 
— — section, peculiarities of ; 131. 

Hall, Collyweston Slate at ; 96. 

-— * Park, Upper Lias in ; 85, 96. 

Eye, Oxford Clay at ; 238. 

Eye Green, Oxford Clay with fossils at ; 

233, 238. 
Eyebuiy, Oxford Clay at, 232, 288, 238. 
»— », vertebrate remains at ; 238. 
Eyford," slates ''at; 16. 



Eacies of zones dependent on conditions of 

deposition ; 49, 50. 
Faroett, Oxford Clay in cutting near ; 238. 
Eairley, W., on Northampton iron-ores; 

801. 
Faults ; 14,25, 88, 66, 102, 110, 256-259. 
— *, effects of, on outcrop of Middle 

Lias; 66. 
Fault of Ketton and Duddington, effect of, 

on outcrop of the Northiunpton Sand ; 

102. 



Faults, when produced ; 259. 

Faunas of Great and Inferior Oolites, points 

of distinction between ; 2. 
Fauna of base of Inferior Oolite ; 15. 
Faunas of the, Great and Lincolnshire 

Oolite, diffierence between ; 2, 40. 
Fauna ofthe Lincolnshire Oolite ; 4. 
Fauna, the resultant of three sets of causes ; 

49. 
Fauna of zone of senucottahu in north ; 

45. 
Fenland, denudation illustrated in the ; 262. 
, gravels overlapping tiie Combrash in 

the; 227. 
— , scenery ofthe ; 265. 
Fens, Oxford Clay in the ; 224, 233, 237. 
Fimbria bed, probable equivalent of zone 

of Ammonites Sowerhyi ; 39. 
Finchley Bridge, sections in Upper lias 

at; 83. 
Fineshade, Combrash outlier near ; 221. 

, Oxford Clay outlier near ; 228. 

, Upper Estuarine Series at ; 192. 

Abbey, Lower Estuarine Series in 

valley at; 102. 
Firewi^ds Thorns, S.W. of Essendine, 

Combrash at ; 229. 
<< Fish and insect beds ; 'Ul, 58, 74, 79. 
Fitton, Dr., on chalk in Rutland ; 246, 

297. 
Fletton, Oxford Clay with fossils at ; 238, 

235. 
Flitteris Park, Marlstone Rock-bed at; 76. 
Forbes, Mr. David, Analyses of onweathered 

iron-ore; 126. 
Forest-land in the district ; 55. 
Forest Marble, limits of; 215. 
, littoral character and variability of; 

9, 81, 32. 
represented by Great Oolite Clays ; 

186, 195. 
Formations, absent ; 40. 

occurring in the district, table of; 56. 

Forty-foot bridge, Oxford clay with fossils 

at; 237. 
Fossils. See Localities. 

in iron-ore ; 1 16. 

, tables of; 276. 

, list of, from Zone of Awmumitts 

. semicostatus ; 42, 44. 
Fotheringhay, Great Oolite near; 207. 

, Lincolnshire Oolite, near ; 170. 

, Upper Lias, near ; 86. 

Freeby cutting, Ix>wer Lias in ; 59. 

Froddingham, ironstone at ; 45. 

, maximum development of zone of 

Ammonites semicostatus at I 45. 
cutting, section at, thickness of beds 

of Ammonites BucJdandi zone; 41, 42. 
Fuller's earth, absence of, in Midland dis- 
trict; 40. 
, fjftunaof; 11. 

a 

Galley Hill, railway-cutting, horizon of 

beds in ; 60. 
Geddington, Northampton sand at ; 93. 
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G«ddington, thickness of the Lincolnshire 

Oolite at; 141. 

y Upper Lias at ; 81. 

y Lincolnshire Oolite at ; 140, 141, 

145, 146 
Geddington Chase, Great Oolite at ; 213, 

214. 
— , section in Duke's pit at ; 218. 
Geeston Cuttinf^, effect of fault in ; 257. 

y section in ; 156. 

General Dip of the Strata in the district ; 

254. 
Geographical distrihution of Great Oolite 

Fossilo; 284. 
Geological causes of present scenery ; 54. 
Geology of Yorkshire, Prof. Phillips on ; 2. 
Glacial Deposits, conditions of deposition, 

thickness, &c. ; 245. 

Gravel and Boulder Clay ; 256. 

Gravels; 247,248. 

Period; 240. 

Sands ; 248. 

Glapthome, Chalybeate springs, effects of, 

at ; 269. 

, Combrash ; 216, 224. 

, Great Oolite with fossils ; 206. 

, at, table of fossils from ; 284. 

, Upper Estuarine clays at ; 194. 

Glaston, Northampton sand at ; 108, 109. 
Glen Riyer as a subterranean stream ; 268. 

, Great Oolite along the ; 190, 196. 

— ^, Lincolns^e Oolite, along the ; 142, 

175. 

, Valley Gravels along the ; 250. 

Glendon, Limestone used in blast fhmaces 

at; >f«f 173 
Godeby, thickness of Rock-bed at ; 65, 72. 
Grafton-under-Wood, Great Oolite near; 

212. 

> Lincolnshire Oolite near ; 145. 

Grantham, development of zone of Amn 

moniteB temieostaius near ; 42. 

, Oolites of; 3. 

Great Bowden, Upper Lias at ; 87. 

— Dalby, Lower Lias at ; 61. 
Easton, Upper Lias at ; 82, 

Gidding Brickyard, Oxford Clay at j 

233, 234. 

Hilcote, Inferior Oolite at ; 16. 

Northern Bailway, cuttings of the ; 

175. 189. 
Oakley, Upper Estuarine Clays at ; 

189, 190. 

Oolite. See Oolite. 

Clays. See Oolite. 

Limestone. See Oolite. 

Ouse River, denudation of Fenland ; 

262. 

— Rollwright, Northampton sand at; 
28. 

Tew, Northampton sand at ; 23. 

—^^ Weldon, Lincolnshire Oolite at ; 151, 

152. 
Greatfbrd, Combrash at ; 227. 

, indurated gravel at ; 269. 

Greetham, Lincohishire Oolite, near ; 167. 
, Northampton sand at ; 96, 97. 



Gretton, Ironstone and Lower Estuarine 

beds, near ; 95. 

, landslips at ; 261. 

, Lincolnshire Oolite at ; 152. 

Griesbach, Rev. A. W., list of Combrash 

fossils collected by ; 220. 
Grimsthorpe Park, Combrash outlier in -,- 

229. 
Grouping of rocks ; 55. 
Gwash River, Freswater deposit in the 

valley of the; 245. 
, Lincolnshire Oolite along the ; 142, 

175. 
, Middle Lias in the valley of the ; 

76. 
sections of Upper Lias along the 

valley; 86. 
valley gravels in the valley of the ; 

250. 

H. 

Haddon, Oxford clay at ; 232, 234, 235. 
HaUaton brickyard, Lias in ; 62, 64, 74. 
, list of fossils from Middle Lias in ; 

74. 
^Hallaton Brook, old pits in Upper Lias, 

near; 83. 

, section in pits, near ; 78. 

HaUaton Ferns, sections of Lias near ; 74, 

88. 

, section in Northampton sand, near 

. 107. 

HaUaton, large boulder at ; 246. 
Halstead, *< petrifying spring" at ; 268. 
Hambleton, fault at ; 257. 

, Lincolnshire Oolite outlier at ; 179. 

, outlier of Northampton Sand ; 1 10. 

Handthorpe, Combrash with fossUs at; 

227. 
Harcourt, Rev. W. Vemon, on OoUtes 

north of the Humber ; 2. 
Hardingstone,' analysis of iron-ore from ; 

124. 
Harper's Brook as a subterranean stream ; 

190. 

, Great OoUte in course of; 190. 

, Lincolnshire OoUte along course of ; 

148. 
•— «-, Upper Lias clay along the course 

of; 86. 
Harrington, Lincolnshire Oolite at ; 141. 
Harringworth, ironstone beds, near ; 95. 

, Lincolnshire Oolite, near; 152. 

Heaths and waste lands ; 55. 

Heights ; 21, 53. 

Helpstone, Combrash at; 217, 224, 225. 

, fault at ; 224, 257, 259. 

, Great Oolite, near; 207, 217. 

^— , Upper Estuarine Series, near ; 189, 

195. 
brickyard, Northampton Sand at; 

105. 

, Upper Lias at ; 86, 255. 

Heath, Lincolnshire Oolite at; 173. 

Farm, Northampton sand at ; 

105,115. 
*»— — — , obUqne lamination at ; 114. 
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Herman, W. D., on AOophane in Inferior 

Oolite, 301. 
Heyford Iron Works, Analysis of ore from; 

125. 
Hilcote, Great, Inferior Oolite at ; 16. 
Hilly Wood near Helpstone, Gornbrash at ; 

225, 259. 
History of previous opinion on the rela- 
tionship of Jurassic beds ; 2 et seq. 
— of the working of Northampton Iron- 

ores; 110. 
Highest point in the district ; 58. 
Holdsworth, J., on coalfields beneath 

Jurassic strata of Midland area ; 800. 
** Hollow Bottom," lincolnshhre Oolite at ; 

158. 
, Lower Estoarine Series in valley at ; 

102. 
Holme Brickyard, Oxford Clay at; 282, 

237. 
, proof of contraction of Fen deposits 

at; 252. 
Holt, iron-ore at ; 116. 
Holt, Limestone used in blast furnaces 

at; 179. 
Holywell, Combrash outlier at ; 229. 

, Great Oolite Outlier at ; 218. 

, pre-glacial travels at ; 242, 248. 

Holl, Dr., on Mi&rd Sand ; 12. 16. 
Hook-Norton, I ist of fossils found near ; 2 1 . 
Home Mill, Lower Estuarine Series at ; 96. 
Hominghold Bock-bed and fossils ; 65, 74. 
Hotham and Cave, Echinodermata of ; 4. 
Hotley Hill Farm, Northampton, Sand 

near ; 21. 
Hull, E., on'incipient folding in the Juras- 
sic strata t 177, 255. 
, on the souUi-eastemly attenuation of 

the Oolitic Rocks ; 82, 129, 299. 
— ^ on the new Iron fields of England ; 

300. 

on Building-stones ; 801. 

Hunt, R. on Iron-ore of Lincolnshire; 

299. 



Ibbetson, Capt. and Frof. Morris, on 

country about Peterboro' and Stamford ; 

156, 167, 233, 297. 
, , on Lingula at Edith Weston ; 

167. 
Bmington Downs, beds near ; 16. 
Inferior Oolite. See Oolite Inferior. 

, of Lincolnshire. See Lincolnshire 

Oolite. 
Ingthorpe, Northampton, sand at ; 103. 
^-^, Upper Lias at ; 85. 
Inliers of Combrash ; 229. 

of Inferior Oolite ; 38. 

of Middle Lias ; 76. 

of Northampton sand, and the Lower 

Estuarine Series ; 100. 

of Upper Estuarine Series ; 197. 

of Upper Lias ; 81, 85. 

Inner and outer portion of Northampton 

Iron-ore, Analysis of ; 125. 



Insolnble portion of Northampton Iron- 
ore, characters of; 128. 

Interval of time between the depodtion of 
the two groups of rocks in the district ; 56. 

Iron, condition of, in the ironstone ; ISO, 
184. 

— in the Northampton Sand, redistri- 
bntionof ; 138.- 

— ', manu&ctore of, formerly carried 
on; 55. 

of Rockingham Forest ; 110. 

Iron-ore, an altered condition of the White 
Sands; 131. 

*—»-, altered by passage of water ; 115. 

, occonenoe of; 20, 94, 98, 104, H€, 

117. 

of the Northampton Sand ; 92, 110. 

— *" of Northampton Sand, fossils in ; 
116. 

, strocture in ; 118. 

Iron-ores, working of, resumed ; 112. 

Ironstone at Froddingham, age of; 45. 

^ — Dogger; 33. 

— — in the lower part of the Northampton 
Sand; 115. 

nearest the sur&oe the most valuable ; 

119. 

, nodular bands of, in Great Oolite 

Clays; 216. 

of Middle Lias ; 33. 

, unweathered beds of, in the North- 
ampton Sand; 116, 117. 

, weathered beds of, in the Northamp- 
ton Sand; 116, 118. 

junction-band, at base of Upper 

Estuarine Series; 88, 189, 194, 198. 

junction-band as an iron-ore; 112, 

194. 
junction band, influence of, on colour 

of the soil; 142. 



Jecks, Mr. C, on Northampton Iron-ore ; 

128, ISO, 300. 

, objections to the theoxy of; 130. 

Jones, Mr. T. R., on Freshwater fossils at 

Casewick; 244. 
Junction band. See Ironstone Junction 

band. 
Jurassic period, unequal snbsidence during ; 

52. 
— rocks, general dip of; 55. 

, strike of the ; 255. 

series,'E. Hull on attenuation of; 32. 

strata, key to correlation of, found in 

Midland district ; 2. 
^_ System, test o^ first classification of; 

1. 



«Eale" in Northampton Sand; 116. 
Kate's Bridge, Combrash inlier at ; 231 . 

, KeUaways at; 282, 237. 

Kellaways beds, when used for brick- 
making; 232. 
rock, character of ; 7. 



INDEX. 



311 



Kellawa j8 Sands, Sandstones, and Gays ; 

238, 232. 
Kemerton, pits at ; 14. 
•'Kemerton Castle House," pit at; 14. 
K6tterinf(, sections near showing nncon- 

formi^; 37,38. 
Eetton, NoTtbampton Sand at; 102. 

, outlier of Great Oolite at ; 218. 

, table of Fossils fScom Great Oolite 

at ■ 284. 

^'and buddmgton, fault, at ; 102, 257. 

^— freestone ; 155. 

Quarries, section and list of fossils in 

Lincolnshire Oolite in ; 154, 155.^ 

Quanies, Upper Estuarine Series at ; 

189 198. 

Stone; 141, 180, 181, 179. 

Stone, instances of the use of; 181. 

,strengihof; 181. 

^ weight of; 180. 

Key to correlation of Jurassic strata found 

in Midland district ; 2. 
Keythorpe and Hallaton, Middle Lias at ; 

65, 78. 
ReythoTpe Park, Upper laas section and 

list of fossils; 83. 
King's Cliflfe, Collyweston slate at, 170. 

, Combrash outlier of; »21, 228. 

, landslips near ; 170, 261. 

, mineral spring at ; 269, 270. 

, Northampton Sand near ; 100, 170. 

, Upper Estuarine Series at; 194, 

207. 
King's Hill Lodge, Northampton sand at ; 

109. 
Kingsley, Rev. C, on the Fenland ; 263. 
Kingsthorpe, oblique lamination at ; 114. 
Kirby, Slate pits at ; 141, 152. 
Knossington, Middle Lias at ; 76. 



Landslips; 66,261. 

Langham brickyards, Middle IJas in ; 64. 

, Upper Lias and Bock-bed at; 70, 

85.^ 
Lamination, oblique, in Northampton 

Sand; 105,106. 
Lamport, Northampton Sand at ; 80. 
Laund Abbey, Middle Lias in the valley 

at; 76. 

Wood, pit in Northampton Sand ; 109. 

Laxton, outlier of Great Oolite at ; 213. 
, Quarries and well, lincohishire 

Oolite at; 153. 
Leckhampton Hill, section at ; 16. 

, thickness of Jurassic beds at ; 32. ' 

"Leda-ovum Beds" general character and 

occurrence of; 80. 
Leighfield Lodge, pit in Bock-bed at; 76. 
Lewis, Bev., on Mineral Wells at Holt; 

295. 
Lias, changes in ; 40, aeq, 
, general characters and thickness in 

the district ; 57. 
, Seasons for division between Middle 

and Upper. 
series breaks in ; 46, 47. 



lias, top of, at Towcester ; 30. 

— , Lower, area of, in the district ; 60. 

-^— , •— », general characters of ; 57. 

, — , m South Midland area ; 32. 

, , Sections of; 58. 

— , — » southern tract of, in the district ; 

62. 
lias, Middle, or Marlstone ; 32, 64. 

, ^yinliersof; 76. 

, — ,Lx>nstone of; 83. 

, , limits of; 45, 46, 47. 

, — , outliers of; 76. 

, , thickness of, in South Midland 

area; 32. 

, Upper ; 82. 

, , denuded surface of; 89. 

, , general characters and thick- 
ness ; 79, 80. 

^ , in Burleigh Park; 172. 

, , inliers of; 85. 

— , , outliers of; 81, 86, 177. 

f , thickness of; 32, 47, 82. 

Lignite, beds of| in the Northampton 

Sand; 116. 
" lings," The, Lincolnshire Oolite at ; 1 58, 

163. 
Lilfoid, Great Oolite at; 208, 216, 222. 

, Oxford Clay and Boulder Clay at ; 

234. 

, Upper Estuarine Series at ; 193, 203. 

Limestones of Northampton Sand ; 94. 
"Xtflta" Beds in the Froddingfaam Cut- 
ting; 41,42. 
Lincolnshire, age of Oolites of; 4. 
Lincolnshire'* Cliff," Commencementof; 54. 
Lincohishire OoUte; S3, 85, 36, 189-185. 

, age of; 36, 38, 39. 

■, a local development of zone of 
Aumanitea Sowerbyi; 89, 40. 

, absence of Cephalopoda in the ; 1 40. 

, and Northampton Sand of inferior 

oolitic age ; 4 

, Building Stones of the ; 141, 178. 

, Chemical and Economic properties 

of the Stone; 181. 

, conditions of deposition of the ; 140. 

, Denudation of the; 143. 

, denuded sur&ce of, in Section at 

Ketton; 86. 

, formerly identified withBath Oolite; 3. 

, fossils of the ; 189, 276. 

, inliers of the ; 169. 

, main line of outcrop of the ; 142, 

144. 

, manufacture of Lime from the ; 141. 

, mode of formation of the ; 143. 

, outliers of the ; 177. 

y remains of Plants in the ; 140. 

Limestone, Mr. Sharp on the ; 144. 

, soils on the ; 141, 142. 

, thinning out of the ; 143, 144. 

, variegated tints of the ; 140. 

Lister, M., on Fossils ; 295. 

lithological characters of the Northampton 

Sand; 117. 
Little Bowden Brickyard, List of Fossils 

from Lower Lias at ; 62. 
, Lower Lias at ; 60, 62, 63, 75. 
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litUe Bytham, Inlier of Northampton Sand 

at; 106. 
, Lincolnshire Oolite at; 140, 167, 

168, 175, 176, 184, 199, 200. 

, outliers of Great Oolite near; 213. 

.section at the "Clinker Works;" 

199. 

, section in the Railway-cutting ; 200. 

, Upper Bstuarine Series at ; 189, 199. 

Little Casterton Quarries, Lincolnshire 

Oolite at; 179,198. 
Little Dalby, Lower lias at ; 60, 61. 

, Mineral Spring at ; 61, 269. 

Little Hilcote, pits at; 16. 

Little Oakley, Dip of Beds at ; 191. 

, disturbance of Beds at ; 259. 

, inlier at ; 256. 

, Lincohishire Oolite at ; 147, 190. 

^ section in Lincolnshire Oolite near ; 

, sections of Northampton Sand at ; 

101. 

, Upper Lias at ; 86. 

Little Weldon, fault at ; 258. 
Littoral deposits ; 80. 
Liveden, Combrash at ; 223. 
Loddington, faults near ; 254, 256. 

, Middle Lias at; 64. 

, Upper Liaa at; 84. 

, outlier of Northampton Sand at; 

109. 
Lonsdale, W., on Chalk in Rutland ; 246. 

, Maps of England; 297. 

, on sequence of the Great Oolite 

strata of the South Cotswolds ; 5. 
Long Compton, outlier at ; 21 . 
Long Hill, outlier at ; 17. 
Long Mantle Wood, Well section at ; 95. 
Lord Lyveden's Pits near Brigstock ; 191. 
Loseby Brickyard, list of fossils from ; 

62. 

, Lower Lias at; 59, 61. 

Lounc^ Combrash at ; 227. 

Lower Beneflcld, Upper Bstuarine Series 

at; 194. 
Lower Estnarine Series. A?«e Bstuanne. 
Lower Freestones ; 14, 15, 16, 17. 

, passage of into Pea Grit ; 12. 

Lower Oolites, see Oolites. 

Lower Zone of Great Oolite, Attenuation 

of; 31. 

, littoral character of; 10, 1 1. 

Luddington, Oxford Clay at ; 233, 234. 
Luffenham Heath, outlier of Great Oolite 

at; 189,198,229. ^ ,. . ^^ ^ 
, North, Lincolnshire Oolite m Church- 
yard at; 167. 
^ representative of Collyweston Slate 

in Churchyard at ; 96. 
, railway-station, Northampton Sand 

at; 96- , „ ^. «. 
, railway-fcuttings in Upper Lias ; 84. 

, South, railway-cutting near ; 167. 

Lumby's Terra Cotta Works, Upper Lias 

at; 85. 
Lyoett, Dr. J., on the Combrash of North 

Yorkshire ; 9, 298, 301. 



Lyeett, Dr. J., on Fossils of the Cotteswold 

Hills; 219, 298,301. 

, on Oolites near Grantham ; 8. 

, on"Rag8tones;" 11. 

Lyddington, Lincolnshire Oolite near; 

177. 
, Northampton Sand at; 107, 108, 

118. 
Lyndon, fiEiults near; 257,258. 

, outlier of Northampton Sand at ; 110. 

J Park, outlier of Lincolnshire 

Oolite in; 178. 



M. 

Maidwell, lincolnshire Oolite thinning out 

at; 141. 
Magnetic Oxide of Iron in the Ore ; 124, 

128. 
Mandeville, Northampton Sand at ; 30. 
Manthorpe, Combrash at ; 227. 
, Great Oolite Section, and list of 

Fossils at; 212. 
Manton, Lincolnshire Oolite at; 179. 
, Upper Lias Sections and list of 

Fossils; 84. 
Manufacture of Iron formerly carried on 

in the district ; 55. 
MaihohnCyKellowaysat; 236. 
Marine Alluvium or Warp of the Fenland ; 

253. 

Gravels of the Fenland ; 251. 

Market Harborough, Middle Lias near; 

64, 75, 76. 
Brickyard, section of Middle Lias 

and list of fossils in ; 76. 

, Upper Lias at ; 63. 

1 Upper lias section and list of 

fossils at ; 87. 
Market Overton, Lincolnshire Oolite at; 

168, 179. 

f Northampton Sand at ; 97. 

, Upper Lias near ; 85. 

Marlstone or Middle Lias ; 64. 

, limits of; 45, 46, 47. 

, name used in two senses ; 47. 

, succession of beds in the ; 64. 

Rock-bed ; 47. 

as an iron-ore ; $5, 112. 

as a building-stone ; 65. 

, general characters and develop- 
ment; t6. 

,;soil formed by ; 66. 

, , thickness of at various points ; 65. 

— unferruginous ; 84. 

Martinsthorpe, Lincolnshire Oolite at ; 179. 

, Northampton Sand, near ; 96, 1 10. 

Maw, Mr., on the Disposition of Iron in 

variegated strata ; 133,300. 
Microscopical characters of the Northamp- 
ton Sand; 119-121. 
Medboum, Collyweston Skite at ; 141. 
, Serpeniinus (Upper Lias), beds at ; 

74, 77. 

MUl, Marlstone Rock-bed at; 77. 

Melton Mowbray brickyards, clay in; 60. 
, Fre-glacial brick earth at ; 243. 
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Middle Lias. See lias. 

Oolites. See Oolites. 

Midfoid Sand, at Campden Hill ; 15. 

, Dr. Holl, on ; 16. 

— , doubtful equivalent o^ in Midland 

district; 89. 

, not represented in the district ; 92. 

, thinning out of; 82. 

, zones <^, on the continent ; 12. 

Midland district, boundary between the 

Great and Inferior Oolites in ; 80. 
, changes from deep to 'shallow water 

conditions, and vice yersi in; 51. 
— ^-, dasafication of Oolites in ; I. 
, grounds of classification of beds in ; 

18. 
, key to classification of Jurassic strata 

found in; 2. 
, no certain equivalent of Midford 

Sand in ; 89. 

, Northampton Sand in ; 80. 

, significance of, unconformity n ; 40. 

, table showing difference in the suc- 
cession of beds in ; 85. 
Milcomb, Northampton Sand at ; S3, 85. 
Milton Park, thickness of Great Oolite 

Clays at; 217. 

, Upper Estuarine Series at; 195. 

, Wells in Lower Estuarine Series at ; 

100. 
Mine Hill, list of fossils from ; 19. 

^.Outlier at; 17, 18. 

Mineral characters of Lower Oolites in 

Midland district I 31. 

Besources of the District ; 271. 

Springs, 268. 

still used medicinally ; 269. 

Mitchell, Dr. J., on Drift ; 297. 

Mode of formation of the Northampton 

Iron-ore ; 180. 
Molluscan remains in Northampton Sand 

proving metamorphism ; 131. 
Monk's Wood, outher of Combrash x^ear ; 

229. 
Moor Hill brickyard. Upper Lias at ; 83. 
Moore, Mr. C, on " Fish and Insect Lime- 
stones;" 79. 
Morbome brickyard ; 285. 
Morcot, Lincolnshire Oolite near; 140 

154,178. 

, Northampton Sand at ; 96, 109. 

Tunnel, Upper Lias at ; 84. 

Moreton, Vale of; 14 et aeq, 
Morehay Lawn, Oaks of; 268. 
Morris, Prof. J., on &unas of the Lin- 
colnshire and Great Oolites ; 4, 298. 

, on a large Boulder at Stoke ; 246. 

, on the Oolites of Lincolnshire ; 11, 

156, 162, 163, 175, 189, 195,200, 210, 

218, 226, 229, 282, 236, 244, 246, 298, 

300. 
Morris, Prof. J., on ** Upper Estuarine 

Series;" 11, 189. 
Morris, Prof. J., and Capt Ibbetson, on 

the occurrence of Lingula at Edith 

Weston; 167. 
, on strata around Peterborough and 

Stamford ; 8, 167, 288, 297. 



"Mortar-mts;" 179. 

Morton, J., notes on Northamptonshire; 

295. 
Moulton, Northampton Sand at ; SO. 

i Pre-gkicial brick-earths at ; 248. 

Murray,. G., Farming of Huntingdon ; 

800. 

N. 

Nenc, Combrash along tributary valleys of 

the; 222. 
, Combrash along the valley of the ; 

224. 

, Denudation; 261,262,265. 

, Estuarine Gravels in the valley of 

the; 251. 
, Great Oolite along the valley of the ; 

202, 208, 216. 
^ Lincolnshire Oolite along the tri- 
butaries of the ; 166. 
— ^, Lincolnshire Oolite in the valley of 

the; 142,169,172. 
1 Northampton Sand in the valley of 

the ; 98. 
— , Pre-glacial gfavels in the valley of 

the ; 207, 250. 
, Upper ;Estuarine Series along the 

valley of the; 190, 193. 

, Upper Lias in the valley of the ; 86. 

Neville-Holt brickyard. Lower Lias at ; 

60', 62. 

, effects of &ttlt at ; 258. 

f Lincolnshire Oolite at ; 177. 

, outlier of Northampton Sand ; 106, 

117. 

, Serpentinus beds at ; 74, 82. 

Spa; 259,269,270. 

1 Upper Lias, and list of fossils at ; 

8a. 
New Close Cover, Lower Estuarine Series 

at; 100. 
New England, Great Oolite Clays at ; 215, 

217, 218. 

, Valley Gravel at ; 250. 

Newell Wood, Pre-glacial Gravels at ; 

24a. 
Newton, occurrence of slag near ; 145. 

, Upper lias at ; 81. 

Nomenclature and classification of Oolites 

of the Midland district ; 1. 
Normanton, fiiult at ; 1 79, 257, 258. 

, Lincolnshire Oolite at; 167, 179. 

Park, Northampton Sand iu ; 110. 

North Midland district, beds of clay in ; 

31, 32. 
North Yorkshire, Combrash of ; 9. 
Northampton, ages of Oolites of; 4. 

, Northampton Sand at ; 80. 

, section at Racecourse at ; 38. 

, section at, showing unconformity ; 

34. 

Sand, as a building-stone ; 92. 

, as a delta deposit ; 129. 

, cellular structure in ; 33. 

, character of, when dug under 

clay; 96. 
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Northampton Sand, equivalent of, in Tork- 

shire; 92. 
, eqnivalents of Upper and Lower 

members of the; 82. 

, eroded sorfiuse of; 83, 86. 

y escarpment of the ; 98. 

, exceptional characters in the; 97. 

^,fonnationB represented by the ; 

10. 

, fossils of the ; 276. 

^ eeneral features of; 90, 1 14-119. 

, history of the formation of 

the, 136. 

^_ in Oxfordshire ; 13. 

,inlier8 0f; 100. 

..^ , ironstone in the lower portion 

of; 115. 

, lignite in ; 116. 

, line of demarcation in ; 32. 

, lithological characters of; 117. 

, marine beds at base of; 32. 

, microscopical and chemical 

characters of; 119--121, 122. 

^,non-femigino^; 98. 

^.— , oriffin of the ; 118. 

, ouUiers of; 17, 106. 

, palseontolof^cal characters of ; 9 1 . 

^, plant remams in ; 116,120. 

, proofs of continuity with In- 
ferior Oolite Fteestone; 17. 
—, representative of base of Inferior 

Oolite; 17. 

, springs in the ; 156. 

, summary of features of; 117. 

, thickness of ; 82,91. 

, variations in; 20, 28, 25, 33, 

97, 101. 

— , wells in ; 116. 

Northamptonshire iron-ore, analyses of; 

12^ to 128. 

, at Holt; 116. 

1^^ changes in, through passages 

of water ; 115. 
^— , direct deposition of, untenable ; 

181. 

, mode of formation of; 180. 

, quantity of iron in ; 92. 

— — — ore, re-distribution of iron in ; 188. 
Norwood'sFaunaof lancohishireOolites ; 4. 

o. 

Oak Inn Farm, sections in Northampton 

Sand near ; 97. 
Oakham, brickyards at ; 64, 70. 
-^— >, Fish and Insect Limestones and 

'* Serpentinus beds'* near; 85. 

Bock-bed at ; 65. 

— — and Ashwell railway, cuttings 

between; 85. 

and Barleythorpe, sections near ; 70. 

and Melton Canal, Upper Lias along ; 

85. 
Oakley, Great Oolite at ; 213. 

, Upper Bstuarine near ; 190. 

Occurrence of old slag ; 94, 99, 111. 

Old, Travertin at ; 268. 

Old Head Wood, unconformity at ; 88. 



Old Iron workings ; 99. 
Old slag-heaps, near Wilbamton and 
East Carlton; 94. 

- Whissendine brickyard section, and 
list of fossils ; 69, 70. - 

Oolite beds, slight permstence of; 6. 
Oolite, Great, the ; 186, 218. 

, absence of, South Torkahire ; 187. 

, characteristics of the; 187. 

, conditions of deposition of the ; 186* 

, fossils (tf the; 188,276. 

, of Northamptonshire ; 284. 

^— , overli4>ping of; 81. 

, variations in ; 7, 11. 

Oolite, Great, Clays, description of the ; 2 1 4^ 

, economic aspects of the ; 218. 

, extent of the; 215. 

» representative of Forest Marble ; 

9, 82, 186. 

, Ironstones of the ; 215. 

, thickness of the ; 214. 

Oolite, Great, limestones, character of the ; 

186, 201. 
, conditions of deposition of the ; 

208. 

•**-, economic uses of the ; 202,214. 

, extent of the ; 202. 

, outliers of the ; 218. 

^ soils of the ; 202, 214. 

, thickness of the ; 204, 209. 

/Upper Zone ; 201, 214. 

^— , Lower Zone o^ characters of 

the; 10. 

, a littoral deposit ; 80. 

1 Upper Zone of, character of ; 9, 10, 81. 

, Series, White fireclays of the ; 198. 

Oolite, Inferior, a lower Zone of, a littoral 

deposit; 80. 

, alternation of ; 81. 

, base of; 12, 14, 15. 

i , feult in, at Weekley ; 38. 

, of S. of England, Fossils of; 276. 

, of Yorkshire; 276. 

i Freestone, formerly continuous with 

Northaznpton Sand ; 17. 

, of S. W. district, thickness of ; 32. 

, upper beds absent ; 52. 

, variations in; 11, 12. 

Oolites, Lower, changes in ; IS et »eq, 
— , classification and nomenclatore of ; I. 
, general characters and condition of 

the ; 90. 
— , mineral character of, in South Mid- 
land district; 31. 

, of the district, grouping of the ; 90. 

Oolite Marl, an equivalent of the aone of 

Ammonitea Sowerhyi ; 89. 

, at Campden HiU ; 15. 

, alternation of; 12. 

Oolites, Middle ; 282. 

^^, conditions of deposition of the ; 232. 

^«— , main line of outcrop of the ; 233. 

-, of South Yorkshire ; 7. 

Oolite of Lincolnshire ; 8, 33, 85, 36, 88, 39, 
^, formerly identified with ^t of 

Bath; 8. 
Oolites, correlation of ; 2. 
— — , unconfonnily in ; 88, 86. 
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Oolitic concretioiiB in Nortluunpton Iron- 
stone; 131. 
straetuze, in the Northampton Sand ; 

109. 

of Rocks, origin of ; 188. 

of yarious formations, 184. 

Oppel on the Fauna of the lincohishire 

Oolite; 39,40. 
on zone of Ammonitea geometricus ; 

42. 
I'on zone of Anmonites Sowerbyi; 

89,40. 
Origin of Northampton Sand ; 1 18. 
Orton, near Feterhorongh, thickness of 

Great Oolite Clays at ; 218. 

1 well at ; 209. 

Oondle, Chalyheate springs near ; 269. 

, Great Oolite as a fi^estone at ; 214. 

Clays near ; 216. 

, Kellaways beds at ; 232, 234. 

, Lincolndiire Oolite at ; 143. 

, fosdls from Combrash near ; 222, 

286. 
, lists of fossils from Great Oolite at ; 

204,205,284. 
^— , Oolitic structure of Great Oolite at ; 

187. 

, Upper Estuarine clays near ; 194. 

, Upper Lias at ; 86. 

Wood, sections of Ironstone and old 

workings at; 99. 
Ouston brickyard. Middle Lias in ; 64. 

, section and list of fossils ; 67. 

, contorted glacial gravels ; 247. 

Outliers; 12, 14, 17, 18, 19, 20,21, 25, 

76, 81, 86, 106. 
Oyerbury, section near ; 14. 
Overton Longville, Combrash at ; 224. 
, Great Oolite Clays in cutting near ; 

217. 
Orerton Waterrille, Combrash at ; 224. 
, Shells and Mammalian remains at ; 

251. 
Owen Prof., on Saurian remains from 

Essendine; 211,297. 
Ozenden Magna tunnel. Upper Lias in ; 

81. 
Oxenton Hill, fault at ; 256. 
Oxford Clay, at Dogsthorpe ; 226. 

, at Polebrook ; 223. 

, at the Walk of Morehay ; 228. 

, general character and occurrence of ; 

232, 239. 

, outliers of the ; 224, 239. 

, the substratum of the Fens ; 254. 

, uniform character of; 51. 

, variations in ; 7. 

Oxfordshire, Combrash in ; 220. 



P. 

Faleontological " Zones '* value of; 48. 

^, Tables; 274. 

Faper Shales, and Fish, and. Insect Lime- 
stones of Upper Lias ; 79. 

Parker, Mr. T., experimental sinking by ; 
226, 235. 



Parkinson, B., on HuntiDgdonshire 

Leicester and Rutland ; 296. 
Pasture lands of the Lower Lias ; 63. 
Pea Grit, occurrence and extent of; 12, 

15, 16. 
Peat, contraction of, when drained 252. 
, interstratified with Marine Silt, 

remains of animals &c., in the ; 252. 
> of the Fenland ; 55. 
Penarth beds ; 40, 41, 57. 
Percy, Dr. on the Northampton Iron-ore ; 

112,121,299. 
Perio Mill, Lincolnshire Oolite absent at : 

169. 
"Petryfying Springs;" 268. 
Peterborough and Stamford, Morris and 

Ibbetson, on strata near ; 3. 

g Combrash near ; 219, 224, 225. 

, table of Fossils from ; 286. 

, Estuarine gravels at ; 251. 

, fossils from Oxford Clay at ; 236. 

, wells in Lower Estuarine series at ; 

100. 
Phillips, Prof. J.,'on Geology of Torkshiie ; 

2. 

, on fauna of the Marlstone ; 47. 

, on Belemnites ; 800, 301. 

, on Combrash in Oxfordshire ; 220. 

, on Forest Marble; 31, 32, 215. 

, on Fossil fruit from Whittering; 

166. 
, on " Lima " t)r « Bucklandi " beds ; 

41. 

, on Oolitic grains ; 184. 

, on W. Smith ; 297. 

, W. on Geology of England ; 296. 

Physical features of the district ; 53. 
Pickworth, Great Oolite outlier at ; 213. 

, Lincolnshire Oolite at ; 167. 

Pickwell, Marlstone Rock-bed at ; 66. 
Pickworth, Pre-glacial gravels near ; 242. 
PickweU, Upper Lias sections at ; 84. 
Pilton, &ult at ; 258. 

, Lincolnshire Oolite near ; 178. 

, Northampton Sand near ; 99. 

, Upper Lias near ; 84. 

Pilton Lodge, estimated thickness of Great 

Oolite Series near; 216. 

, Great Oolite near ; 189, 208 . 

Pipwell, fault at; 258. 

, Great Oolite limestone near; 218. 

, inlier of Northampton Sand at 

100, 

Lincolnshire Oolite ; 147. 

Abbey, pits near ; 86, 147, 148, 190. 

, old pit at (Idncolnshire Oolite) ; 

147, 148. 

, Upper Lias at ; 86. 

Lodge, pits in Upper Estuarine 

Series near; 190. 
Pitsford, Northampton Sand near; 30. 
Pitt, W., on Agriculture of Northampton- 
shire, Leicester, and Rutland ; 295, 296. 
Plant remains in the Northampton Sand ; 

116,120. 
Plungar, escarpment at ; 42. 
Polebrook Combrai^, section and list of 

fossils at; 223,286. 
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Porter, Dr., on days of the Great Oolite at 
Peterborough; 217. 

,f088U8 collected by; 173, 209,225, 

285. 

, on geology of Peterborough ; 299. 

Position and disturbances of the strata, 
fkults, &c. ; 254. 

Post Glacial deposits ; 249. 

Tertiary deposits ; 240. 

" Potlids," near Ilmington Downs ; 16. 

Pre^lacial Brickearths, composition 
the; 243. 

-. deposits ; 240. 

sands and gravels, composition 

the ; 248. 

valley gravels, composition of the 

241. 

Preston, Northampton Sand outlier ; 109. 

Priestley Hill, outlier of Northampton 
Sand; 107. 

Principal lines of escarpment ; 54. 

Probable succession of changes in charac- 
ter of the Northampton Iron-ore ; 185. 

Proofs of passage of water through the 
Nortiiamptonshire ore ; 135. 

Proportion of metal in the ores ; 128. 

Pusey, P., on the agriculture of Lincoln- 
shire; 297. 

Q. 

Quarries, number of, in the Lincolnshire 
Oolite; 179. 

Quartz, size of grains of, in the North- 
ampton Sand; 119, 121. 

Quenstedt's stages of the Lias ; 45, 46, 47. 

R. 

Bagstones, absence of ; 40. 

" jSigstones," variations in ; 11. 

Railway-cuttings. See Localities. 

Ramfall ; 54. 

Rain-water, action of, along joint and bed- 
ding planes; 135. 

.. , on unweathered Iron-ore ; 134. 

Ranksborough Hill, outlier of Northampton 
sand; 110. 

Ramsey, Oxford Clay at; 233, 237. 

Re-commencement of iron working in the 
district; 111. 

Re-distribution of Iron in the Northampton- 
shire ore ; 133. 

Redmile, escarpment at ; 42. 

Remains of ore and slag at Oundle Wood ; 
99. 

Resemblance of the Northampton to the 
Baeshot Sands ; 97. 

Rhstic beds ; 40, 41, 57. 

Ridlington, discovery of chalk at ; 246. 

•->^ Lodge, Northampton Sand at ; 109. 

Northampton Sand outlier ; 109. 

Riley, Mr. E., analysis of Iron-ores by ; 
123, 299. 

mng Haw, Lincolnshure Oolite at ; 171. 

Rivers, 8ee names of. 

Robin-a-Tiptoes, outlier of Northampton 
Sand; 109. 

, section of Rock-bed near ; 67, 68. 



Rocart, section in Middle Lias, and list of 

fossils at ; 69, 70. 
Rock-bed of the Marlstone, tee Marlstone 

Rock-bed. ' 

Rockingham brickyard, section and fossils 

at; 82. 
, fault at ; 268. 

Forest; 55,264. 

, Lincolnshire Oolite at ; 149, 150, 152. 

, Northampton Sand near ; 95. 

Park, sections in ; 95, 150. 

,«* Slate-pit** near; 182. 

Rocks, altered by passage of water through 
them; 115. 

, two groups of, in the district ; 55. 

"Roe-stone;" 12. 

Rome, Rev. J. L., on the Drift of Lin- 
colnshire ; 300. 

Rose, C. B., on the Alluvium of Fens ; 297. 

Rubble, produced by passage of water; 
115. 

Rushden, fossils from Combrash at ; 220. 

Rushton, Upper laas at ; 81. 

, Lincolnshire Oolite at ; 145, 146. 

, Lower Estuarine Series at ; 93, 94. 

Rutley, Mr. F., sketches by ; 264. 

Ryhall, outlier of Great Oolite at ; 213. 

, table of fossils from Great Oolite 

at; 290. 

S. 

St. Martin's, Stamford, Ironstone at ; 164. 

, , sections at; 165w 

, ; 164. 

Sands at White House, Warren ; 20^ 22. 

Sapperton Tunnel, Fuller's earth at ; 11. 

Saunders, J., jun., histoiy of Lincoln ; 297. 

Saxby cutting, horizon of beds in ; 60. 

Scenery, characters of ; 263. 

dependent on geological causes ; 54. 

Scunthorpe, development of Zone of Am- 
monites semicoatatus at ; 44. 

Seaton, Lincolnshire Oolite at ; 177. 

, pit in Northampton Sand at ; 109. 

, Upper Lias fossils from ; 84. 

Sedgwick, Rev. Prof. A., on alluvial de- 
posits ; 296. 

Seeley, H. G., on gravels and drift of fens ; 
300. 

S^egation, Mr. Maw on ; 133. 

" Serpentinus Beds," general characters.of ; 
79. 

, occurrence of; 74, 81, 82, 87. 

Sevenhampton Common, ** slates " at ; 10. 

Sharman, Mr. G., list of Combrash fossils 
by ; 220. 

Sharp, Mr., on Oolites of Northampton- 
shire ; 4, 32, 36, 120, 158, 164, 175, 221, 
229,249,257,268,301. 

Shelly &cie8, use of term ; 139. 

Shenlow Hill, outlier at; 17, 19, 20. 

Short .Dr., on Mineral Waters ; 269, 270, 
295. 

Sibbertoft, Middle Lias at; 75. 

Sibford-Ferris, Northampton Sand at ; 23. 

Sibford Gowef, Northampton Sand at ; 23. 

Sibford, list of fossils found near ; 23. 

, outlier at ; IT. 
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Sibflon tannel, Great Oolite at ; 207. 

, LincolnBhire Oolite at ; 174. 

, Upper Estuarine Series ; 194. 

^ Slates ** at Eyeford, Sevenhampton Com- 
mon, and Stonesfield ; 10. 

''Slate-beds*' of the Oolites, cause of 
stractore of the ; 5. 

Slawston Hill, Ush and Insect Limestones 
at; 87. 

, Northampton Sand outber at ; 107. 

, succession of beds at ; 77. 

, Upper Lias at ; 86. 

Smith, C. H., on Building-stones ; 297. 

J William, on name ** Marlstone ;" 

47. 

, on Building-stones ; 297. 

__, on scenery of the district $ 264. 

, ^, geological maps of; 296. 

and Greenough (general maps of) ; 

2, 296. 

Soil formed by the Marlstone Rock-bed; 66. 

formed bv Northampton Sand ; 93. 

Soils, various, in the district ; 271. 

Somerby, the Rock-bed at ; 65, 66. 

Sorby, Mr., on microscopic and chemical 
characters of rocks ; 128, 131. 

South LufFenham railway-cutting, North- 
ampton Sand in ; 96. 

South Cotswolds, sequence of Oolites in ; 5. 

South Yorkshire, Middle Oolite of; 7. 

Southorpe ; Great Oolite near ; 207. 

., Lincolnshire Oolite^at ; 173. 

, Northampton Sand at ; 100. 

South-west of Enghind and Yorkshire, 
difference between Oolites of ; 1. 

Southwick, Combrash near ; 216, 224. 

Great Oolite near ; 206. 

, Kellawaysat; 232. 

Lincolnshire Oolite at village of; 

169. 

Northampton Sand at ; 99. 

I Upper Estuarine Series near-; 194. 

Sowerby. J» ^^ ^^^^ \ ^^f'r 

SpiUer, Mr. J., analysis of Iron-ore by ; 

122. 
Spires Wood, Lincolnshire Oolite near; 

171. 
Springs from the Northampton Sand, 

chemical characters of ; 134. 

, occurrence of; 265. 

Stamfori boring for coal at ; 86, 104. 
^ effects ofTinwell and Walton fault 

I excavations in, showing Slate beds ; 

163. 

and Helpstone Fault ; 86, 257. 

,Lincohishire Oolite at ; 140, 141, 158, 

172,175,179. , 
, list of fossils m the Lmcohishire 

Oolite at Squire's Quarry ; 158. 
"Stamford Marble;" 158. 
Stamford, Northampton Sand at ; 103,11*, 

163. 

Open Field, Combrash at ; 229. 

^ outliers of Great Oolite at ; 213. 

I Great Oolite at. Table of Fossils 

from J 287. 
, niilway-cuttings north of ; 195. 

32108. 



Stamford, railway station, section at ; 103. 
— — , section at Eldret^s Quarry, near ; 163. 
^—, section and list of fossils at TinJder's 

Quarry, near; 160. 
, section at Terra Gotta Works at ; 

108. 

Spa ; 259, 26l». 

" Stamford Stone ;" 158. 

Stamford, Torkington's Pit ; 199. 

, Upper Estuarine Series at ; 195, 199, 

189. 

9 Upper Lias at ; 85, 163. 

Standground, Oxford Gay at ; 238, 235. 
Stanion, brickyard near (Lord Lyveden's 

pits); 191. 

, fault at; 258,259. 

, Great Oolite at ; 202. 213. 

, Lincolnshire Oolite at; 149. 

Mill, Upper lias sections at ; 86. 

, Oolitic structure in Great Oolite at ; 

187. 

— Quarries, Lord Cardigan's pits ; 149. 
, sections of Northampton Sand at; 

101. 

, Upper Estuarine Series at ; 189, 190, 

191. 

, Upper Lias at ; 86. 

StaplefordPark, horizon of beds in railway- 
cutting at ; 60. 

, beds reached in a well in 59, 60. 

, list of fossils from ; 61. 

Staunton Wyvile, Lower Lias at ; 60. 

Hill, Middle Lias at ; 77, 78. 

pit, section and fossils at ; 62. 

Stibbmgton, Lincolnshire Oolite at; 143, 
173. 

, Northampton Sand near ; 100. 

, Upper Estuarine Series at ; 194. 

, "wood-pit" at; 173, 194. 

, list of the fossils from ; 173. 

Stilton, Combrash at ; 219, 229. 

, , table of fossils from; 291. 

, fault at; 258. 

Stockerston Road, Uppingham, pit in iron- 
stone; 108. 

Stoke- Albany, faults at; 258. 

, Lincolnshire Oolite at; 148, 177. 

, Lower Estuarine Series near ; 94. 

, Rock-bed near ; 75. 

, Upper Lias near ; 81. 

Stoke Tunnel, boulder of Limestone at; 
246. 

Stoke Doyle, Great Oolite Lunestone at ; 
204. 

, Northampton Sand near ; 99. 

Stoke Dry, Northampton Sand at ; 109. 

Wood, beds near ; 16. 

Stonesfield Slate ; 11. 

," Slates "at; 10. 

— and Collyweston slates ; 3. 

Slate, horizon of Upper Estuarine 

Series; 186. 

, separated from the Collywes- 
ton; 5. 

Stonepit Field Lodge, Lincolnshire Oolite 
at; 141,169. 

Stowe, Northampton Sand at ; 30. 

Strata, cause of variations in ; 50. 
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** Strensham Series/' Fish and Insect 

lamestonee; 58. 
Strike and general dip of the strata ; 254. 
Structare in Northampton Sand ; S3, 118. 

, yesicalaiir in Oolites ; 14. 

Sab^risions of the Jurassic Rocks, local 

character of; 6. 
Subsidence, effects of, on nature of deposits ; 

30. 

, nneqnal, consequences of ; 52. 

Subterraneao streams ; 267. 
Sudborough, Combradi at ; 221. 

, disturbances of strata near ; 256, 258. 

, Great Oolite near ; 212. 

brickyard, Oxford clay with fossils 

in; 233. 
Lodge, section of Northampton Sand 

near; loi. 
Sutton Basset brickprds ; 75. 

Mill, Upper Lias at ; 81. 

brickyajrd, section in ; 76. 

, representative of Rock-bed at ; 75. 

Sutton Wood, Great Oolite clays near ; 

217. 
Swallow holes ; 267. 

Swinthley Lodge, pits in Rock-bed at ; 76. 
Swedish lake ores compared with North- 
ampton ore ; 130. 
Sywdl, Northampton Sand at ; sa 

T. 

Table illustrating the correlation of the 
beds of the Lias ; 89. 

— changes in the Lower Oolites ; 

8. 

of formations occurring in the dis- 
trict; 56. 

of horixons of " slate beds " in the 

Lower Oolites ; 6. 

of produce of iron-ore in Northamp- 
tonshire; 111. 

showing differences in the succession 

of beds in the Midland area ; 35. 

Tansor, Great Oolite cutting near ; 206. 

Tate, Mr. R., on Zone of Amffumites 
angulatus; 41. 

on bresiks in the Lias; 46. 

Teigh, escarpment near ; 71. 

, Upper Lias, sections near ; 85. 

Terra cotta, white clays used in manu- 
facture of; 92. 

Works, Stamford, section at ; 108. 

Tetbury, ru<^entary condition of EelJa- 
way's rock at ; 7. 

Thickness and general character of the 
Middle Lias; 64. 

" of the Lias ; 67. 

of Middle Lias at Slawston Hill ; 77. 

Thistleton, quarries near ; 167. 

y subterranean streams near ; 168. 

Thomey, Oxford Clay at ; 238, 239. 

Thombaugh; 2.56. 

, Northampton Sand at ; 100. 

, Upper Lias at ; 86. 

Thorpe, Combrash at ; 222. 

— , Northampton Sand at ; SO. 

Aychurch, Oxford Clay near ; 283. 



Thorpe Park, Great Oolite in ; 209. 

— Langton, fossils at ; 63. 

— — , horizon of beds at ; 60, 

Thrapstone, ironstone at ; 98. 

Thurlby Wood, Combrash near*; 281. 

Tichmarsh railway-cutting, Northampton 
Sand in; 98. 

, Upper.Estuarine Series in ; 193. 

Tickencote and Blatherwycke, &ult8 be- 
tween; 167. 

Tickencote Launde, swallow holes in ; 199. 

Lodge, Northampton Sand at ; 103. 

, Upper Lias at ; 85. 

Tilton-on-the-BQll, height of; 53. 

, thickness of Rock-bed at ; 65. 

1 Upper Lias sections near ; 84. 

Tilton Wood, &ult near ; 206. 

Time, long interval of, between the deposi- 
tion of the two groups of rocks ; 56. 

Tinkler's Quarry, cave in Limestone at; 
^9. 

Tiowell fault ; 195, 224, 225, 254. 

Tixover, Lincolnshire Oolite at ; 154, 167. 

Toft, Great Oolite near ; 209. 

Tolthorpe Spa ; 269. 

Topley, W., on Agriculture and Geology ; 
301. 

Towcester, sandy beds at ; 30, 

Towns and villages, position of, dependent 
on geological causes ; 55. 

Townshend, Rev. J., on fossils ; 296. 

Trimmer, J., on Drift Deposits ; 298. 

Trollope, Rev. E., on Alluvium ; 299. 

Tryon's Lodge, Northampton Sand at; 
102. 

Tugby Hall, brickyard in Upper lias near; 
83. 

Tysoe Mill Hill, outlier at, and list of fos- 
sils from; 17,20. 

u. 

Uffington, Kellaways at ; 232. 

, sections in Combrash near, and lists 

of fossils; 226,288. 
Ufford, Lincolnshire Oolite near; 173. 
, oblique lamination in Northampton 

Sand at; 114. 
, section of Lower Estuarine Series at ; 

104. 

, well at; 195,207. 

Unconformity between Great and Inferior 

Oolites ; 36, 38. 
between Marlstoneand Upper lias; 

65. 
between Upper and Lower Estuarine 

Series; 33. 
< between Upper Estuarine Clays and 

Lincolnshire Oolite ; 36, 87. 

, significance of, in Midland district ; 40. 

Unweauered portion of iron-ores, analysis 

of; 126. 
Upper Benefield, pit near ; 205. 
— , table of fossils from Great Oolite at: 

284. 
Upper Cretaceous rocks;' 255. 
Estuarine Series. See Estuarine, 

— Freestones, absence of; 4a 
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upper Freestones, variability of { 11. 

Lias. See Lias. 

Zone of Great Oolite ; 31, 186, 215. 

Uppingham, brickyard in Upper laas at ; 

84. 
— , outlier of Northampton Sand ; 107. 
Upton, Boulders at ; 246. 



Vale of Catmos, sections in ; 70. 

Moreton, rocks in ; 14-17. 

Valley Gravels, composition of the ; 249. 
-~~, shells and mammalian remains in 

the; 250. 
Valley of the Nene and its tributaries, 

Northampton Sand in ; 98. 
Variability in character of the Marlstone 

Bock-bed ; 65. 
Variable character of the Northampton 

Sand ; 83, 101. 
Variation, cause of, in strata ; 50. 
Variations in the Oxford Clay ; 7. 
Voelcker, Dr., analyses of iron-ores from 

Blisworthby; 127. 

w. 

Waagen on Oolite Marl ; 12. 

on zone of Ammonites Sowerhyi ; 

89, 40. 

Wadenhoe, Combrash at ; 222. 

, Great Oolite at ; 208, 216. 

, table of fossils from ; 284. 

, ironstone at ; 98, 198. 

, sections of Lower Oolites at; 99. 

, Upper Lias at ; 86. 

Wakerley, Great Oolite outliers at; 213. 

1 Northampton Sand at ; 95. 

, outlier of Upper Estuarine Series at ; 

198. 
, Quarries in the lincolnshire Oolite 

near ; 153. 
Walcot Park, " Bamack rag " in ; 1 72. 
Walk of Morehay, Combrash at ; 228. 

, Great Oolite at; 206, 217. 

Walk of Sulehay, Great Oolite at ; 207. 

, Lincolnshire Oolite at ; 171. 

Walton, Combrash near ; 225. 

, anticlinal and fault near ; 254, 256 

Wansford, I^colni^hire Oolite near ; 100, 

140, 141, 173. 
-^-^, Northampton Sand near ; 100. 

and Peterborough, Area of the 

Combrash between ; 224. 

Tunnel, section at ; 100, 217. 

, Table of Fossils from Great Oolite 

at; 284. 

, Upper Estuarine Series at; 194. 

— , Upper Lias near ; 86. 
Wardley, Northampton Sand at ; 109.' 
Wamiington, Combrash at ; 224. 

, Eellaway's Sands at ; 232, 234. 

Waste lands and heaths ; 55. 

Water, action o^ in rocks under difiefent 

conditions; 115, 132. 
Water-Newton Brickyard; 100,141,174, 

189, 195. 
, Great Oolite at ; 208. 



Water-Newton, Lonoolnshire Oolite at; 

141, 143, 173, 174. 

Lodge, Combrash at f 224. 

, Lower Estuarine Series at ; 100, 189. 

Water Supply ; 266. 
Weatherii^ effect of water ; 115. 

of rocks; 14. 

Weekly, Age of contortions and &ult8 at ; 

259. 
Weedon, Analysis of ore from Heyford 

IronWorits; 125. 
Weekly Hall Wood, Sections and list of 

fossils at; 145. 
Weekly, unconfomiity between Great and 

Inferior Oolite at ; 37. 
Weldon, Building stones at ; 141. 

, Great Oolite outliers at ; 218. 

f inlier of Northampton Sand at ; 

100. 

^ Lincolnshire Oolite at ; 140, 149. 

, Quarries at; 179. 

, Upper Estuarine beds near; 191, 

198. 
Welland, Upper Estuarine Series in valley 

of; 190. 
, Denudation of the valley, &c. ; 261, 

262, 265. 
, Estuarine gravels in the valley of 

the; 251. 

, Gravels in the valley of the ; 250. 

, effect of great fault in the vi^«er of 

the; 172. 
, Great Oolite in the valley oJ the ; 

202. 

^, Lincolnshire Oolite in the valley of 

the ; 142, 153, 154. 
, Northampton Sand in the Talley of 

the; 95. 
, Outcrop of Great Oolite north of the ; 

209, 218. 

, valley of, succession of beds in ; 33. 

Wellingborough analysis of iron-ore from ; 

122, 123, 124. 
Wells in Northampton Sand, nature of 

rock in; 116. 
Werrington, list of fossils and section in 

Oxford Clay at ; 233, 236. 
Westhay, Great Oolite at ; 207. 
Whadborough, glacial mvels at ; 247. 

Hill, outlier of Norttiampton Sand ; 109 . 

Whichford, outlier at ; 17,21. 
Whissendine brickyard, Lower Lias at; 

61. 

, Middle Lias at; 64, 71. 

White clay in theLronstone ; .131. 
clays used in manufacture of terra- 
cotta: 92. 
White Home Warren, sands at - 20. 
Whittlesea, Oxford Clay at ; 238, 238. 
Whitwell, Lincolnshirie Limestone and 

Northampton Sand at; 97, 167. 

^ Lincolnshire Oolite at ; 167. 

^,fiiultsat; 110,257. 

Wigsthoipe, Combrash at ; 282. 

cuttmg, Oxford Cky in; 233. 

Wilbarston&ult; 258. 

, Lincolnshire Oolite at ; 149, 150. 

-^— ^ Lower Estuarine Series near ; 94« 
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Wildbore'8 Lodge, pits in Idas near; 67, 

69. 
Wild's Ford, anticlinal and fimlts at; 166, 

256, 257. 
— , Northampton Sand at ; 103. 

, Upper Lias at ; 85. 

'Willow Brook, Great Oolite in the Talley 

of the; 206. 
— , Lbicolnshire Oolite in the valley of 

the; U9,26l. 
—, Upper Estnarine Series along the 

valley of the; 190. 
— ^-, Upper Lias along the coarse of the ; 

86. 
Wilsthorpe, Combrash near ; 227. 
Wing; 178. 
^.outlier of Northampton Sand at; 

110. 
Witham-on-the-Hill, pits in Great Oolite 

and lists of fossils from ; 212. 
Witham Biver; 262, 268. 
Witham, Soaih, undergronnd stream at; 

168. 
Wittering Heaih, Lincohishire Oolite at; 

nit. 

, « Pendle" beds at ; 165, 178. 

Wittering, Northampton Sand at ; 100. 

Spa; 269. 

Wood, 8. v., jun., on Vpper Tertiaries ; 300. 
Wood-Newton, brickyard and parish pit, 

sections at ; 99. 
-^— , Great Oolite beds near ; 207. 

, Lincohishire Oolite; 141, 170, 171. 

9 Upper Estnarine S^es at ; 171, liM), 

194. 
Woodcroft, 0)mbrash at ; 225. 
— , Kellaways near ; 236. 
Woodstone, Combrash near ; 224. 

, Oxford Clay near ; 238, 235. 

Wold, Northampton Sand at ; 30. 
Wothorp, Collyweston Slate at ; 182. 
Wothorpe, section of Northampton Sand 

near; 103. 
Wright, Dr., on Combrash fossils ; 219. 
^— , on the fiuina of the Lincolnshire 

OoUte ; 89, 40. 

, on Fossils ; 298, 299. 

, on Oolite Marl ; 12. 



Wright, Dr. on ** Bagstones " of the Inferior 

Oolite; 11. 

, on Upper Freestones ; 11. 

Wymondham, Northampton Sand obscured 

at; 97. 
, sections in Middle Lias at ; 71. 

Y. 

Yarwell, fault near ; 258. 

, Lincolnshire Oolite near ; 1 72. 

, Northampton Sand at ; 100. 

, Glacial Gravel near ; 243. 

» Upper Estnarine Series at ; 194. 

Yaxley, catting in Boolder Clay near; 
238. 

Yorkshire and South-west of England, 
difference between Oolites of; 1. 

Young, A.» on the Agricoltoxe of Lincoln- 
shire ; 295. 

z. 

Zone of Ammoniiet angulatus; 41, 59. 

Ammonitet armattu ; 59. 

Ammonitea Bucklandi ; 59. 

Amnumites capricornus ; 60. 

Amnumites communi* ; 79. 

Ammonitei geometrictu ; 42. 

Awnumites Humpkrentuma absent 

in Midland area ; 40, 52. 

Ammonites ibex; (?) 60. 

Ammonitea Jamesoni ; 60. 

— i— Ammonitea margaritatua ; 64. 
Ammonitea Mtarckiaona; 17, 29, 33, 

39,40. 
— Ammonitea oxynotua ; 59. 

■ Ammonitea Parkinaom, absent in 

Midland area ; 40, 52. 

Ammtmitea planorbia ; 41, 58. 

^— Ammonitea aemicoatatua s 42, 43, 45, 

59. 

Ammonitea Sowerbyi ; 89, 40, 143. 

Z«nes, abnormal development of; 51. 
Zones, facies of, dependent on conditions 

of deposition ; 49, 50. 

, in Midfbrd Sand ; 12. 

Zones, valne of; 48. 
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